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FOREWORD 

The  34-year  period  following  the  launch  of  the  first  communication  satellite  by  the 
United  States  has  brought  with  it  fundamental  changes  in  the  way  we  communicate.  The 
development  of  globally  connected  space-based  communication  and  data  relay  systems 
has  changed  the  patterns  of  military,  business,  and  national  planners. 

This  document  chronicles  the  evolution  of  commercial  and  national  communications 
satellites  during  this  initial  34-year  period.  The  primary  focus  is  on  the  capabilty  of  the 
communication  payload:  spacecraft  details  are  included  to  convey  a  sense  of  growth  in 
size  and  power  of  the  carrier  spacecraft. 

The  data  were  collected  from  public  sources  and  achieved  as  an  extra  effort  by  a  limited 
number  of  persons  within  The  Aerospace  Corporation.  Earlier  drafts  have  proven  useful 
and  informative  as  source  material  to  both  experts  and  students.  This  document  is  being 
provided  by  Aerospace  as  a  public  service  to  the  rapidly  increasing  number  of  organiza¬ 
tions  involved  with  the  satellite  communciations  systems. 
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PREFACE 

Each  type  of  communication  satellite  that  has  been  launched  or  will  be  launched  by 
1992  is  described.  Some  presently  proposed  satellites  that  may  be  implemented  after  1992 
are  addressed  in  brief.  All  information  presented  here  is  based  on  references  that  were 
available  by  20  May  1991.  except  that  actual  launch  dates  later  in  1991  were  added  during 
proofreading. 

This  report  supersedes  The  Aerospace  Corporation  TR-0077(2790-01)-l.  Communica¬ 
tion  Satellites.  1958  to  1980.  dated  1  February  1977  (SAMSO-TR-77-76);  TR-0079(4417- 
0 1 )- 1 .  Communication  Satellites.  1958  to  1982.  dated  10  September  1979  (SAMSO-TR- 
79-078):  TR-0084A(54 17-031-1,  Communication  Satellites.  1958  to  1986.  dated  1  October 
1984  (SD-TR-85-76);  and  Communication  Satellites.  1958  to  1988,  dated  31  December 
1986. 
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Communication  satellite  programs. 


INTRODUCTION 


Communication  satellites  represent  one  of  the  most  significant 
applications  of  space  technology.  Communication  satellite  exper¬ 
iments  began  early  in  the  space  age  and.  since  1965.  satellites 
have  been  used  in  operational  communications  systems.  One  in¬ 
dication  of  the  growth  of  this  field  is  that  a  new  commmunication 
satellite  has  been  launched  almost  every  year  since  1965.  The 
usefulness  of  communication  satellites  is  emphasized  by  applica¬ 
tions  internationally,  involving  about  1 10  countries,  and  domesti¬ 
cally.  in  over  40  countries,  for  communication  services  of  all 
types  to  both  large  and  small  terminals  on  land  and  on  ships.  Fur¬ 
thermore.  although  some  of  these  systems  are  government  spon¬ 
sored.  others  are  commercial  ventures  that  in  some  cases  are  in 
competition  with  the  terrestrial  communications  industry. 

This  report  describes  and  summarizes  the  technical  details  of 
each  type  of  communication  satellite  for  the  years  1958  to  1992. 
An  overview  of  the  satellites  covered  by  this  report  is  shown.  For 
each  satellite  type,  the  corresponding  time  line  extends  from  the 
first  launch  to  the  end  of  the  operation  of  that  type.  Following  a 
brief  historical  survey,  each  major  section  of  the  report  covers  one 
of  the  groups  indicated  in  the  overview.  Within  each  section,  the 
satellite  types  are  ordered  chronologically  according  to  their  ini¬ 
tial  launch  dates.  Accompanying  the  description  of  each  satellite 
is  a  graphic  representation  of  the  satellite,  a  block  diagram  of  its 
communication  subsystem,  and  a  summary  of  details.  The  values 
given  may  differ  from  those  in  other  documents  because  of  the 
variations  in  definitions  of  the  parameters  (e.  g..  maximum  versus 
nominal),  which  are  not  always  stated.  Differences  also  arise 
from  the  source  of  the  value  (design  versus  measurement)  and  the 
time  point  (i.e..  prelaunch,  beginning  of  life,  end  of  life).  Where 


possible,  these  qualifying  factors  are  stated.  Somewhat  less  data 
are  given  for  a  few-  of  the  earliest  satellites  and  also  for  those  sat¬ 
ellites  whose  designs  are  yet  to  be  completed. 

This  report  covers  all  types  of  communication  satellites  that 
have  been  launched  as  well  as  those  in  development  and  planning 
that  are  relatively  certain  to  be  launched.  Past  studies  that  did  not 
result  in  a  launch  and  present  proposals  that  will  not  be  imple¬ 
mented  by  1992  are  not  described  in  detail,  but  in  some  cases  they 
are  mentioned  in  relation  to  more  definitive  programs.  Although 
the  primary  objective  of  this  report  is  to  describe  communication 
satellites,  each  satellite  is  only  a  part  of  a  larger  communication 
system.  Therefore,  for  some  systems,  material  on  the  earth  termi¬ 
nals  and  satellite  operations  is  presented  with  the  satellite  descrip¬ 
tion. 

Likely  communication  satellite  technology  and  applications  of 
the  mid  to  late  1990s  are  briefly  discussed.  Information  on  inter¬ 
national  frequency  allocations  applicable  to  communication  satel¬ 
lites  is  given  in  Appendix  A.  The  various  telemetry,  tracking,  and 
command  subsystems  used  at  the  present  time  by  communication 
satellites  are  described  in  Appendix  B.  The  use  of  satellite  bea¬ 
cons  for  atmospheric  research,  particularly  in  characterizing  the 
atmosphere  as  a  communications  channel,  is  discussed  in  Appen¬ 
dix  C.  Symbols  common  to  the  communication  subsystem  block 
diagrams  as  well  as  abbreviations  and  acronyms  used  in  the  re¬ 
port  are  grouped  in  a  glossary.  An  extended  bibliography  provides 
references  to  literature  on  communication  satellite  systems,  ex¬ 
periments  and  applications,  ground  terminals,  transmission  meth¬ 
ods.  spectrum  use.  network  engineering,  satellite  hardware,  legal 
and  economic  issues,  and  other  topics. 
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HISTORICAL  BACKGROUND 


The  first  well-known  article  on  communication  satellites  was 
published  in  1945  [  1  ].  The  article  discussed  the  synchronous  orbit 
and  the  global  coverage  possible  with  three  satellites  in  this  orbit. 
Some  other  subjects  addressed  included  earth  coverage  and  spot- 
beam  antennas,  multiple-beam  antennas,  optical  and  radio 
crosslinks  between  the  satellites,  end  solar  arrays  for  a  prime 
power  source.  An  approximate  calculation  was  given  for  a  4-GHz 
downlink,  concluding  that  10  W  of  power  is  sufficient  for  a  voice 
link  w  ith  a  3-ft  transmitting  antenna  and  I -ft  receiving  antenna.  In 
1949.  another  article  [2]  discussed  the  same  issues  and  stated  that 
a  geosynchronous  communication  satellite  could  be  launched  as 
early  as  the  end  of  the  1950s. 

The  first  space  communications  activity  can  be  traced  back  to 
1946.  w  hen  the  Army  achieved  radar  contact  w  ith  the  moon.  In 
1954.  the  Navy  began  communications  experiments  using  the 
moon  as  a  passive  reflector.  By  1959.  an  operational  communica¬ 
tion  link  was  established  between  Hawaii  and  Washington,  D.C. 
This  link  was  available  4  to  10  hr  per  day  until  1963.  when  the 
program  w  as  stopped,  apparently  because  of  the  progress  in  artifi¬ 
cial.  active  communication  satellites. 

The  first  man-made  communication  satellite.  Project  SCORE, 
was  launched  in  December  1958.  Its  operating  life  was  limited  to 
12  days,  when  the  batteries  failed.  By  1959.  many  articles  on 
communication  satellite  topics  began  to  appear  in  the  technical 
journals  13-9].  Typical  subjects  of  discussion  were  the  merits  of 
passive  versus  active  satellites,  low  versus  synchronous  altitude, 
and  random  orbital  positions  versus  stationkeeping.  In  1960.  two 
journals  published  special  issues  on  space  electronics  with  more 
than  ten  articles  on  communications  satellites.  In  1962  to  1964. 
experimental  programs  using  the  medium-altitude  Telstar  and  Re¬ 


lay  satellites  and  the  synchronous-altitude  Syncom  satellites 
proved  the  analytical  predictions  about  satellite  communications 
and  provided  many  convincing  demonstrations.  These  programs 
led  to  the  beginning  of  operational  satellite  communications  in 
1965  as  well  as  to  a  continuing  experimental  effort  that  is  still  ad¬ 
vancing  the  state  of  the  art 

:jc  :jc  *  *  sf:  If; 

1.  A.  C.  Clark.  “Extra-Terrestrial  Relays."  Wireless  World.  Vol. 
51.  No.  10  (October  1945).  Reprinted  in  Communication  Sat¬ 
ellite  Systems  Technology.  Progress  in  Astronautics  and  Aero¬ 
nautics.  Vol.  19.  R.  B.  Marsten,  ed.  ( 1966). 

2.  E.  Burgess.  “The  Establishment  and  Use  of  Artificial  Satel¬ 
lites."  Aeronautics  (September  1949). 

3.  J.  R.  Pierce.  "Orbital  Radio  Relay."  Jet  Propulsion.  Vol.  25 
(April  1955). 

4.  J.  R.  Pierce  and  R.  Kompfner.  "Transoceanic  Communica¬ 
tions  by  Means  of  Satellite."  Proceedings  of  the  IRE.  Voi.  47. 
No.  3  (March  1959). 

5.  Space  Communications  and  Navigation  I95R-1964.  NASA 
SP-93  (1966). 

6.  L.  E.  Johnson.  "Satellite  Communications  in  the  Navy."  Pro¬ 
ceedings  of  the  6th  Space  Congress.  Vol.  2  (March  1969). 

7.  Space  Electronics  Issues.  Proceedings  of  the  IRE.  Vol.  48.  No. 
4  (April  I960). 

8.  U.  S.  Army  Space  Issue.  IRE  Transactions  on  Military  Elec¬ 
tronics.  Vol.  MIL-4.  No.  2-3  (April-July  1960). 

9.  "Communicating  by  Satellite."  Vectors  (Hughes  Aircraft  Co.). 
Vol.  8.  No.  4  (4th  Quarter  1966). 
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EXPERIMENTAL  SATELLITES 

Although  the  performance  of  communication  satellites  could  were  very  brief  beginnings,  the  Telstur.  Relay,  and  Syncom  sate  I - 
be  predicted  theoretically,  until  1962  or  1963  there  was  consider-  lites  laid  definite  foundations  for  the  first  operational  satellites, 
able  doubt  concerning  whether  or  not  their  actual  performance  Communication  satellites  have  been  in  operational  eommer- 

would  match  the  theory.  This  was  one  of  the  basic  motivations  cial  and  military  service  since  1965  and  1967.  respectively.  How- 

tor  the  early  communication  satellite  experiments.  Two  other  im-  ever,  there  was.  and  still  is.  the  need  for  additional  experimental 

portant  factors  were  the  desire  to  prove  the  satellite  hardware  satellites.  These  are  used  to  prove  new  technologies  for  later  in- 

t  since  space  technology  in  general  was  still  in  its  infancy)  and  the  troduction  into  operational  satellites.  The  satellites  that  are  strict  - 

need  to  test  operational  procedures  and  ground  equipment.  ly  experimental  are  described  here.  Other  satellites  that  have 

Whereas  the  first  few  experiments  (SCORE.  Courier,  and  Echo)  combined  experimental  and  operational  objecti.es  are  dl -cussed 

later:  e.g..  the  Japanese  and  European  programs. 


SCORE 

['he  lirst  artificial  communication  satellite,  called  Project 
SCORE  (Signal  Communication  by  Orbiting  Relay  Equipment) 

1 1  -4 ].  was  launched  in  December  1958.  The  primary  objective  of 
the  project  was  to  demonstrate  that  an  Atlas  missile  could  be  put 
into  orbit.  The  secondary  objective  was  to  demonstrate  a  commu¬ 
nications  repeater. 

The  entire  communication  subsystem  was  developed  in  six 
months  by  modify  ing  commercial  equipment.  Two  redundant 
sets  of  equipment  were  mounted  in  the  nose  of  the  missile.  Four 
antennas  were  mounted  flush  with  the  missile  surface,  two  for 
transmission  at  d  two  for  reception.  The  subsystem  was  designed 
to  operate  for  the  expected  2 1  -day  orbital  life  of  the  missile.  Be¬ 
cause  of  the  short  lifetime,  batteries  alone  were  the  power  source: 
thus,  the  complexity  of  solar  cells  and  rechargeable  batteries  was 
avoided.  The  details  about  SCORE  are  as  follows: 

Satellite 

Communications  equipment  integral  with  Atlas  launch  vehicle 
99-lb  equipment 

Silver-/inc  batteries.  56- W  maximum  load 

Capacity 

One  voice  or  six  telety  pe  channels 
Real-time  and  store-dump  modes 

Transmitter 

1 32  MH/.  S-W  output 
All  vacuum  tubes 


SCORE  commioiu  tition  subsystem. 
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Receiver 

150  MH/.  10-dB  noise  figure 
All  transistors 

Antenna 

Four  slots  (two  transmit,  two  receive) 

- 1  dB  gain 

Recorder 

4-min  capacity.  300-  to  5000-Hz  band 

Design  life 

Two  weeks 

Orbit 

1 00  x  800  nmi.  32-deg  inclination 

Orbital  history 

Launched  18  December  1958.  battery  failed  30  December  1958 
Decayed  2 1  January  1959 
Atlas  B  launch  vehicle 

Management 

Developed  by  ARPA:  communications  equipment  built  by  Army 
Signal  Research  and  Development  Laboratory.  Ft.  Monmouth. 
New  Jersey 

Each  half  of  the  communication  subsy  stem  had  a  tape  recorder 
with  a  4-min  capacity  .  Any  of  the  four  ground  stations  in  the 


southern  United  States  could  command  the  satellite  into  a  play¬ 
back  mode  to  transmit  the  stored  message  or  into  a  record  mode  to 
receive  and  store  a  new  message.  A  real-time  mode  was  also 
available  in  which  the  recorder  was  bypassed.  About  S  hr  of  actu¬ 
al  operation  occurred  before  the  batteries  failed.  During  this  time, 
voice,  single-channel  teletype,  and  frequency -multiplexed  six- 
channel  teletype  signals  were  transmitted  to  the  satellite,  record¬ 
ed.  stored,  and  later  retransmitted.  One  of  the  signals  handled  in 
this  manner  yyas  a  Christmas  message  from  President  Eisenhow¬ 
er.  In  addition  to  the  stored  mode  transmissions,  there  yvere  sev- 
eral  real-time  transmissions  through  the  satellite. 


1 .  S  .  P.  Broyvn  and  G.  F.  Senn.  "Project  SCORE."  Proceedings  of 
the  IRE.  Vol.  48.  No.  4  (April  I960). 

2.  S.  P  Brown.  "Project  SCORE:  Signal  Communication  by  Or¬ 
biting  Relay  Equipment."  IRE  Transactions  of  Million  Elec¬ 
tronics.  Vol.  MIL.-4.  No.  2-3  ( April-July  I960) 

3.  M.  I.  Davis  and  G.  N.  Krassner.  "SCORE  -  First  Communica¬ 
tion  Satellite."  Journal  of  the  American  Rocket  Sonets.  Vol.  4 
(May  1959). 

4.  S.  P  Brown.  "The  ATLAS-SCORE  Communication  System." 
Proceedings  of  the  3rd  Xational  Convention  on  Militars  Elec¬ 
tronics  (June  1959). 


ECHO 


During  the  late  1950s  and  early  1960s.  the  relative  merits  of 
passive  and  active  communication  satellites  were  often  discussed. 
Passive  satellites  merely  reflect  incident  radiation,  whereas  active 
satellites  have  equipment  that  receives,  processes  (may  he  only 
amplification  and  frequency  translation,  or  may  include  addition¬ 
al  operations),  and  retransmits  incident  radiation.  At  the  time  of 
Project  Echo,  the  main  advantages  given  for  passive  satellites 
w  ere 

•  Very  w  ide  bandwidths. 

•  Multiple  access  capability  . 

•  No  chance  for  degradations  due  to  failures  of  satellite  elec¬ 
tronics. 

The  disadvantages  were 

•  The  lack  ot  signal  amplification. 

•  The  relatively  large  orbit  perturbations  resulting  from  solar 
and  atmospheric  effects  (because  of  the  large  surface-to- 
weight  ratio). 

•  The  difficulty  in  maintaining  the  proper  reflector  shape. 

The  progress  in  active  satellites  soon  overshadowed  the  po-si- 

ble  advantages  of  passive  satellites,  and  interest  in  passive  satel¬ 
lites  ceased  in  the  mid-  1960s.  In  the  mid-  1970s.  there  was  some 
interest  in  passive  satellites  concerning  their  use  in  a  nuclear  war 
env  ironment. 

Project  Echo  |  l-K|  produced  (wo  large  spherical  passive  satel¬ 
lites  that  were  launched  in  I960  and  1964.  The  details  of  Echo 
are  as  follow s: 

Satellite 

I:  sphere.  lOOftdia..  166  lb 

2.  sphere.  135  ft  ilia..  547  lb 
Not  stahili/ed 

Aluminized  my lar  surface,  maximum  reflectivity  98L  for  fre¬ 
quencies  up  to  20  GH/ 

Frequencies  used 

I:  960  and  2390  MM/ 

2:  162  Mil/ 

Orbit 

1 :  820  x  9 1 1  mm.  48.6-deg  inclination  ( initial  \  allies i 
2:  557  >  710  nmi.  85  5-deg  inclination  (initial  vainest 

Orbital  history 

I  launched  J2  August  1 960.  decayed  25  May  1968 
2:  launched  25  January  1964.  decayed  7  June  1969 


Delta  launch  vehicle 

Management 

Developed  by  G.  T.  Schjeldahl  Company  (balloon).  Grumman 
(dispenser)  for  NASA  Langley  Research  Center  ( 1 ).  NASA  God¬ 
dard  Space  Flight  Center  (2 1. 

Echo  I  was  used  tor  picture,  data,  and  voice  transmissions  be¬ 
tween  a  number  of  ground  terminals  in  the  United  Stales.  In  ad¬ 
dition.  some  transmissions  from  the  United  States  were  received 
in  England.  A  number  of  modulation  methods  were  tested  during 
the  Echo  I  experiments,  and  valuable  experience  was  gained  in 
the  preparation  and  operation  of  the  terminals,  especially  in  track¬ 
ing  the  satellites.  In  addition  to  the  communications  experiments. 
Echo  I  was  used  for  radar  and  optical  measurements,  and  its  or¬ 
bital  data  were  used  to  calculate  atmospheric  density. 

Echo  2  had  a  slightly  different  design  to  prov  ide  a  slitter  and 
longer  lasting  spherical  surface.  It  was  used  very  little  for  com¬ 
munications.  although  some  one-way  transmissions  were  made 
from  England  to  the  Soviet  Union,  but  it  was  used  in  other  scien¬ 
tific  investigations  similar  to  those  performed  with  Echo  I. 

1.  Sfuice  Communn  alions  and  Xa\ iitation  /9.\X-/964.  NASA 
SP-93  i  1966). 

2.  Special  Issue  on  Project  Echo.  Rdt  .Si  stem  Technit  a!  Journal. 
Vol.  40.  No.  4  (July  1961  i. 

3.  Satellite  Communications  i  Military  -Civ  il  Roles  and  Relation¬ 
ships).  second  report  by  the  Committee  on  Government  Oper¬ 
ations.  U  S  House  of  Representatives.  House  Report  No.  I~8 
( 17  March  1968). 

4.  H  S.  Black.  "Latest  Results  on  Project  Echo."  -\dvanccs  in 
the  Astronautical  Scientcs.  Vol.  8  1  1961  l. 

5.  .1.  R.  Burke.  "Passive  Satellite  Development  and  Technology." 
Astronautics  and  Acros/nit  c  Envinecrim;.  Vol.  I.  No  8  i  Sep¬ 
tember  1 963 1. 

6  I.  .laffe.  "Project  Echo  Results"  Astronautit  \.  Vol.  6.  No.  5 
(May  1961 1 

7.  \V  C  Nyberg.  "Experiments  to  Determine  Communication 
Capability  of  the  Echo  II  Satellite."  Publications  i>t  Ca>dJtmt 
Space  I  Inthr  Center  /964.  Vol.  II 

8  V  Wilson.  "A  History  of  Balloon  Satellites."  Jounnil  of  tht 
Hntish  Inn  rplanetars  Sot  ids.  Vol.  34.  No.  I  (January  1981  ) 


COURIER 


The  objective  of  the  Courier  program  1 1-31  was  to  develop  a 
satellite  of  higher  capacity  and  longer  life  than  SCORE,  which 
could  be  used  for  communication  tests  and  assessments  of  traffic 
handling  techniques.  The  concept  was  similar  to  SCORE  in  that 
the  primary  operating  mode  was  store-and-dump  using  on-board 
tape  recorders.  A  real-time  mode  was  also  available.  Unlike 
SCORE.  Courier  was  a  self-contained  satellite  and  had  both  solar 
cells  and  rechargeable  batteries  for  power  supply.  Except  for  the 
final  amplifiers  of  the  transmitters,  the  electronics  were  all  solid 
state.  The  details  of  Courier  are  as  follows: 

Satellite 

Sphere.  5 1  in.  dia. 

500  lb  in  orbit 

Solar  cells  and  NiCd  batteries.  60  W 


Capacity 

Real  time:  one  voice  channel 

Store-dump:  1 3.2  Mb/recorder  digital.  4-ntin  voice 

Transmitter 

17(H)-  to  I8(H)-MH/  band 
Two  transmitters  on.  two  standby 
Solid  state  except  output  tubes 
2-W  output  per  transmitter 

Receiver 

18(H)-  to  1900-MH/  band 
Two  receivers  on.  two  standby 
All  solid  state 
14-dB  noise  figure 


Antenna 


7 


-4  ill}  gain 
Linear  polarization 

Recorders 

Lour  digital:  each  4  min  at  55  kbps  ( 15.2  Mb  total) 

One  analog:  4-min  capacity.  500  to  50.000  Hz 

Design  life 

One  year 

Orbit 

525  x  654  nmi.  28-deg  inclination 

Orbital  history 

I  A:  launch  v  ehicle  failure 

IB:  launched  4  October  I960,  operated  17  days 

Thor-Able  Star  launch  vehicle 

Management 

Developed  by  Army  Signal  Research  and  Development  Labora¬ 
tory 

The  Courier  communication  subsystem  had  four  receivers, 
two  connected  to  each  antenna.  Signals  received  through  the  two 
antennas  were  summed  in  a  baseband  combiner.  The  satellite 
could  support  a  single  half-duplex  voice  circuit  in  the  real-time 
mode.  One  analog  and  four  digital  recorders,  each  w  ith  a  4-min 
recording  capability,  were  used  for  the  store-and-dump  mode. 


This  allowed  any  giound  lei  initial  to  use  the  satellite  for  transmis¬ 
sion  of  four  separate  digital  (multiplexed  teletype)  messages,  one 
to  each  of  four  other  terminals.  Upon  command,  a  recorded  mes¬ 
sage  (or  the  received  signal  in  the  real-time  mode)  would  modu¬ 
late  two  transmitters,  one  connected  to  each  antenna.  The 
satellite  also  had  two  spare  transmitters.  The  two  carrier  frequen¬ 
cies  were  separated  about  20  MHz.  Various  signal-combining 
techniques  were  used  at  the  ground  to  make  use  of  these  two  sig¬ 
nals. 

The  lirst  Courier  launch  was  unsuccessful  because  of  a  booster 
failure.  The  second,  in  October  I960,  was  a  success.  Communi¬ 
cation  tests  were  performed  by  two  ground  terminals,  located  in 
New  Jersey  and  Puerto  Rico.  The  satellite  performed  satisfactori¬ 
ly  until  17  day  s  after  the  launch,  when  communications  were 
stopped  by  a  command  system  failure. 

# 

1 .  Ci.  L.  Senn  and  P.  VV.  Siglin.  “Courier  Satellite  Communication 
System."  IRE  Transactions  on  Military  Electronics.  Vol.  MIL- 
4.  No.  4  (October  I960). 

2.  P.  W.  Siglin  and  (L  L.  Senn.  "The  Courier  Satellite."  Commu¬ 
nication  Satellites.  Proceedings  of  a  Symposium  Held  in  Lon¬ 
don.  L.  J.  Caller,  ed. » i  962 ). 

5.  L.  Imholdi  and  D.  Hershberg.  "Courier  Satellite  Communica¬ 
tion  System."  Advances  in  the  Astronomical  Sciences.  Vol.  X 
(1961). 


WEST  FORD 


The  West  Lord  concept  1 1  -  5|  grew  out  of  a  1958  summer  study 
on  secure,  hard,  reliable  communications.  The  conclusions 
reached  were  the  follow  ing: 

•  Use  satellites  and  microwave  frequencies  for  long  distance 
communications. 

•  Put  all  active  equipment  on  the  ground  for  reliability. 

•  Use  a  bell  of  dipoles  instead  of  a  single  satellite  for  hardness. 
When  the  concept  was  defined  openly,  there  was  some  adverse 

reaction  because  of  the  uncertain  effects  on  optical  and  radio  as¬ 
tronomy.  After  some  time,  the  project  was  allowed  to  proceed  un¬ 
der  certain  restrictions. 

West  Lord  and  Leho  were  the  only  two  passive  communication 
reflectors  put  into  orbit.  Lcho  could  rightly  be  called  a  satellite, 
but  the  West  Lord  reflector  consisted  of  480  million  copper  di¬ 
poles.  The  length  was  chosen  to  correspond  to  a  half  wavelength 
of  the  S-CiHz  transmission  frequencies  used  in  the  program.  Oth¬ 
er  West  Lord  details  arc  as  follows: 

Satellite 

SO  million  copper  dipoles,  each  0.72  in.  long.  7  x  10  4  in.  dia. 
XX-lb  dispenser  plus  dipoles:  45-lb  dipoles 

Frequencies  used 

7750.  X550  MHz 

Orbit 

!970-nmi  nominal  altitude 
Nearly  circular,  nearly  polar 

Dispersion:  X  nmi  cross-orbit.  16  nmi  radially.  1500  ft  average 
distance  between  dipoles 


West  Eon!  ilipoles. 


X 


Orbital  history 

First:  launched  21  October  1961.  dispenser  did  not  release  di¬ 
poles 

Second:  launched  9  May  1963.  fully  dispersed  August  1963 
Atlas-Agena  B  launch  vehicle 

Management 

Developed  by  MIT  Lincoln  Laboratory 

The  dipoles  were  dispensed  from  an  orbiting  container  in  May 
1963.  At  first,  all  were  concentrated  in  one  portion  of  the  orbit. 
During  the  first  few  weeks,  voice  and  frequency  shift  keying 
(FSK)  data  up  to  20  kbps  were  transmitted  from  Camp  Parks 
(Pleasanton.  California)  to  Millstone  Hill  (Westford.  Massachu¬ 
setts — the  source  of  the  project  name).  Four  months  later,  when 
the  belt  was  fully  extended,  the  density  was  much  lower,  and  only 


100  bps  data  were  transmitted.  Because  of  this  low  capacity  ana 
the  increasing  performance  of  active  satellites,  no  further  experi¬ 
ments  of  this  type  were  attempted.  The  last  transmission  of  sig- 
nals  was  accomplished  in  1965.  and  a  combination  of 
measurements  and  analytic  predictions  indicated  that  all  the  di¬ 
poles  would  reenter  the  atmosphere  before  the  end  of  the  1960s. 

%  sj«  %  # 

1.  Special  Issue  on  Project  West  Ford.  Proceedings  of  the  IEEE. 
Vol.  52.  No.  5  (May  1964). 

2.  I.  1.  Shapiro.  "Last  of  the  West  Ford  Dipoles."  Science.  Vol. 
154  ( 16  December  1966). 

3.  W.  W.  Ward  and  F.  W.  Floyd.  "Thirty  Years  of  Research  and 
Development  in  Space  Communications  at  Lincoln  Laborato¬ 
ry."  The  Lincoln  Laboratory  Journal.  Vol.  2.  No.  I  (Spring 
1989). 


TELSTAR 


The  Telstar  experiment  [  1  -7 1  grew  out  of  the  Bell  Systems'  in¬ 
terest  in  overseas  communication.  Bell  Telephone  Laboratories 
was  a  major  participant  in  communication  experiments  using 
Echo  I.  The  positive  results  of  those  experiments  strengthened 
the  interest  in  satellite  communications  generated  by  earlier  ana¬ 
lytical  papers.  Therefore.  American  Telephone  and  Telegraph 
Company  (AT&T)  decided  to  build  an  experimental  active  com¬ 
munication  satellite.  The  objectives  of  the  Telstar  program  were: 

•  To  look  for  the  unexpected. 

•  To  demonstrate  transmission  of  various  types  of  information 
via  satellite. 

•  To  build  a  large  ground  antenna  and  learn  how  to  use  it. 

•  To  gain  experience  in  satellite  tracking  and  orbital  predic¬ 
tions. 

•  To  study  Van  Allen  radiation  belt  effects. 

•  To  face  the  design  problems  required  for  a  spaceborne  re¬ 
peater. 

An  active  satellite  was  decided  on.  because  the  required  balloon 
si/e  for  television  bandwidths  was  much  beyond  the  state  of  the 
art.  The  choice  of  the  Delta  launch  vehicle  prov  ided  basic  design 
constraints  such  as  si/e.  weight,  and  orbit.  In  accordance  with  the 
fifth  objective,  the  satellite  contained  a  number  of  sensors  to 
make  radiation  measurements.  The  third  objective  was  accom¬ 
plished  by  the  construction  and  use  of  a  ground  station  at  An¬ 
dover.  Maine. 

Two  Telstar  satellites  were  produced.  The  satellites  were  34.5- 
in.  diameter  spheres  with  solar  cells  covering  most  of  the  outer 
surface.  The  solar  array  output  alone  could  not  support  operation 
of  the  communication  subsystem,  so  batteries  were  used  to  supply 
the  peak  power  requirements.  The  batteries  were  recharged  dur¬ 
ing  the  periods  w  hen  the  satellite  was  not  in  view  of  the  ground 
terminals  and  the  communication  subsystem  was  turned  off.  This 
subsystem  had  a  single  channel  with  a  50-MH/  bandwidth.  The 
program  details  are  as  follows: 

Satellite 

Sphere.  34.5-in.  dia. 

170  lb  in  orbit  ( I ).  175  lb  in  orbit  (2) 

Solar  cells  and  NiC'd  batteries.  15  W 
Spin-stabili/ed.  200  rpm 


Configuration 

One  50-MH/  bandwidth  double-conversion  repeater 

Capacity 

600  one-way  voice  circuits  or  one  TV  channel 

60  two-way  voice  circuits  (tests  limited  to  12  circuits  bv  ground 

equipment) 

Transmitter 

4170  MH/ 

All  solid  state  except  TWT 

TWT  operated  linear  at  3.3  W  (saturated  power:  4.5  VV) 

Receiver 

6390  MH/ 

All  solid  state 
12.5-dB  noise  figure 


6300  4080 

Telstar  communication  subsystem. 


Antenna 

Transmit:  48  small  ports  equally  spaced  around  satellite  waist 
Receive:  72  small  ports 

Uniform  pattern  around  waist  and  ±30  deg  from  waist  plane 
Circular  polarization 

Design  life 

Tw  o-year  goal 

Orbit 

1 :  5 14  x  305 1  nmi.  45-deg  inclination 
2:  525  x  5830  nmi.  43-deg  inclination 

Orbital  history 

1 :  launched  10  July  1962.  operated  until  23  November  1062.  and 
4  January  to  21  February  1063 
2:  launched  7  May  1063.  operated  until  May  1065 
Delta  launch  vehicle 

Management 

Developed  by  Bell  Telephone  Laboratories  for  AT&T 

Telstar  1  was  launched  in  June  1062.  In  the  following  six 
months,  about  400  transmission  sessions  were  conducted  with 


multichannel  telephone,  telegraph,  facsimile,  and  telev  ision  sig¬ 
nals.  In  addition,  over  250  technical  tests  and  measurements  had 
been  performed.  Stations  in  the  United  States.  Britain,  and 
France  participated  in  these  activities.  In  November  1062.  the 
command  subsystem  on  the  satellite  failed.  The  cause  was  later 
established  as  degradation  of  transistors  due  to  Van  Allen  belt  ra¬ 
diation.  Various  operations  effected  a  recovery  that  allowed  the 
satellite  to  be  used  for  another  month  and  a  half  early  in  1063.  af¬ 
ter  which  the  command  subsystem  failed  again. 

Telstar  2  was  nearly  identical  to  Telstar  I .  The  only  significant 
design  change  w  as  the  use  of  radiation-resistant  transistors  in  the 
command  decoders.  The  Telstar  2  satellite  orbit  had  a  higher  apo¬ 
gee  than  Telstar  I .  which  increased  the  time  in  view  of  the  ground 
stations  and  decreased  the  time  in  the  Van  Allen  belts.  Telstar  2 
was  launched  in  May  1063  and  operated  successfully  for  two 
years. 

1.  Sluice  Communications  and  Navigation  I95S-I964.  NASA 
SP-03  ( 1066). 

2.  Special  Telstar  Issue.  Hell  System  Technical  Journal.  Vol.  42. 
No.  4  (July  1063).  Reprinted  as  Telstar  I.  NASA  SP-32.  Vols. 
1-3  (July  1063)  and  Vol.  4  (including  Telstar  II  supplement) 
(December  1065). 

3.  K.  W.  Gatland.  Telecommunication  Satellites.  Prentice  Hall. 
New  York  ( 1064). 

4.  1.  Welber.  "TELSTAR.  "  Astronautics  and  Aerospace  Enyi- 
neeriitft .  Vol.  1.  No.  8  (September  1063). 

5.  I.  Welber.  "  Telstar  Satellite  System."  Paper  2618-62.  ARS 
1 7tli  Annual  Medina  <»)</  Space  Eli  a  lit  Exposition  ( Nov  ember 
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7.  J.  Holahan.  "  Telstar.  Toward  Long-Term  Communications 
Satellites."  Space/Aeronautics.  Vol.  37.  No.  5  (May  1062). 


RELAY 


The  Relay  program  1 1-7|  was  undertaken  by  the  National 
Aeronautics  and  Space  Administration  (NASA)  to  perform  active 
satellite  communications  and  ti  measure  Van  Allen  bell  radiation 
and  its  effect  on  satellite  electronics.  Basic  objectives  were  to 
transmit  telephone  and  television  signals  across  the  Atlantic  and 
to  transmit  telephone  signals  between  North  and  South  America. 
During  the  time  the  satellite  was  being  developed,  foreign  gov¬ 
ernments  were  invited  to  participate  in  communications  experi¬ 
ments.  Primary  ground  stations  were  in  Maine.  England,  and 
France— the  same  stations  that  conducted  demonstrations  with 
Telstar  I.  Other  ground  stations  were  in  California.  New  Jersey. 
Germany.  Italy.  Bra/il.  and  Japan. 

The  Relay  satellite  had  a  more  complex  commmunieation  sub¬ 
system  than  Telstar.  with  two  identical  redundant  repeaters. 
Either  repeater  could  be  connected  to  the  common  antennas  by 
ground  command.  Each  repeater  had  one  25-MHz  channel  and 
two  2-MH/  channels.  These  channels  allowed  either  one-way 
transmission  of  wideband  signals  or  two-way  transmission  of  nar¬ 
row  band  signals.  The  communication  subsystem  block  diagram 
is  show  n:  the  satellite  details  are  as  follow  s: 

Satellite 

Octagonal  prism.  35  in.  long.  29  in.  ilia.  (53  in.  overall  length) 


1 72  lb  in  orbit 

Solar  cells  and  NiC'd  batteries.  45  W 
Spin-stabilized.  150  rpm 

Configuration 

Two  double-conversion  repeaters  (one  on.  one  standby  t.  each 
with  one  wideband  and  two  narrowband  channels 

Capacity 

Wideband:  300  one-way  voice  circuits  or  one  TV  channel 
Narrowband:  12  two-way  telephone  circuits  (limited  by  ground 
equipment,  not  satellite  bandwidth) 

Transmitter 

4164.7.  4174.7  MHz  (NB).  4160.7  MHz  (WBl 
All  solid  state  except  TWT 
10-W  output 

Receiver 

1723.3.  1726.7  MHz  (NB).  1725  MHz  (WB) 

All  solid  state 
14-dB  noise  figure 
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Antenna 

Two  biconica)  horns  (one  transmit,  one  receive) 

Approximately  0  dB  gain  normal  to  spin  axis 
Circular  polarization 

Design  life 

One  year 

Orbit 

1 :  7 1 2  x  40 1 2  nmi,  47.5-deg  inclination 
2:  1 1 30  x  4(XX)  nmi.  46-deg  inclination 

Orbital  history 

1:  launched  13  December  1962,  operated  until  February  1965 
2:  launched  21  January  1964.  operated  until  May  1965 
Delta  launch  vehicle 

Management 

Developed  by  RCA  for  NASA  Goddard  Space  Flight  Center 

Relay  1  was  launched  in  December  1962.  Radiation  experi¬ 
ment  data  were  obtained  on  the  first  day.  That  same  day.  difficul¬ 
ties  with  communications  transponder  No.  I  that  caused 
excessive  power  consumption  were  noticed.  The  problem  could 
not  be  fully  corrected,  and  from  January  1963  transponder  No.  2 
was  used  for  almost  all  the  communication  experiments.  Relay  1 
operated  until  February  1965. 

During  1963.  several  tests  and  demonstrations  were  conducted 
including  telephone  and  television  transmissions.  Network  TV 
broadcasts  were  transmitted  from  the  United  States  to  Europe  and 
to  Japan.  Several  times,  both  television  and  telephone  transmis¬ 
sions  were  used  for  international  medical  consultations.  In  Octo¬ 
ber  1964.  television  coverage  of  the  Olympic  Games  w  as  relay  ed 
from  Japan  to  the  United  States  by  Syncom  3  and  then  from  the 
United  States  to  Europe  by  Relay  1. 

Relay  2  was  modified  slightly  to  provide  increased  reliability 
and  radiation  resistance.  Relay  2  was  launched  in  January  1964 
and  w  as  used  in  a  variety  of  communications  tests  similar  to  those 
done  with  Relay  1.  By  July  1964.  Relay  s  I  and  2  had  been  used 
for  1 12  public  demonstrations  of  telephone  and  television  trans¬ 
mission.  Relay  2  was  used  until  May  1965. 


Relay  communication  subsystem. 


II 


N  Narrowband  mode 
W  Wideband  mode 


The  Telstar  and  Relay  programs  were  both  considered  success¬ 
ful.  They  demonstrated  that  the  technology  at  that  time  could 
produce  a  useful,  medium-altitude  communication  satellite.  In 
addition,  ground  station  technology  was  proven,  and  routine  op¬ 
eration  of  ground  stations  was  demonstrated.  Measurements  of 
communications  parameters  indicated  no  significant  deviations 
from  theoretically  expected  values.  Finally,  it  was  shown  that 
satellite  communication  systems  could  share  frequencies  with  ter¬ 
restrial  microwave  sy  stems  w  ithout  mutual  interference. 
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SYNCOM  1  to  3 


In  the  early  1960s.  both  medium  and  synchronous  altitude 
communication  satellites  were  of  interest  to  planners.  NASA 
conducted  experiments  at  both  altitudes  using  the  Relay  and  Syn- 
eom  satellites.  The  Syneom  program  ( 1  -9 1  had  three  major  objec¬ 
tives: 

•  To  place  a  satellite  in  synchronous  orbit. 

•  To  demonstrate  on-orbit  stationkeeping. 

•  To  make  engineering  measurements  on  a  sy  nchronous  alti¬ 
tude  communication  link. 

The  Syneom  satellite  had  a  short  cylindrical  body  that  was 
spun  about  its  axis  to  prov  ide  stabilization  in  orbit.  The  antennas 
were  mounted  beyond  one  end  of  the  body  and  were  colinear  w  ith 
the  satellite  axis.  All  the  satellite  equipment  was  contained  w  ithin 
the  body.  This  design  formed  the  basis  for  several  later  synchro¬ 
nous  altitude  satellites.  The  communication  subsystem  had  two 
receivers  and  two  transmitters  for  redundancy:  either  receiver 
could  be  operated  with  either  transmitter.  The  channelization  was 
similar  to  Relay,  w  ith  two  500-kHz  channels  for  narrow  band  two- 
way  communications  and  one  5-MHz  channel  for  one-way  wide¬ 
band  transmissions.  (These  capabilities  could  not  be  used  simul¬ 
taneously.)  The  satellite  details  are  as  follows: 

Satellite 

Cylinder.  28-in.  dia..  15-in.  height 
86  lb  in  orbit,  beginning  of  life 

Solar  cells  and  NiCd  batteries.  28  W  initially.  19  W  minimum 

alter  one  year 

Spin-stabilized 

Solid  rocket  motor  for  apogee  maneuver,  cold  gas  propulsion  for 
on-orbit  use 

Configuration 

1 . 2:  two  500-kHz  handw  ultli  double-conversion  repeaters,  or  one 
5-MHz  bandwidth  double  conversion  repeater 
3:  one  5-MHz  bandwidth  and  one  xwitchable  (50-kHz  or  10- 
MHz)  bandwidth  double-conversion  repeater  (some  references 
say  13-MHz  instead  of  l()-MHz) 

Capacity 

Several  two-way  voice  circuits  or  one  TV  channel 


Transmitter 

1815  MHz 

Two  TWTs  (one  on.  one  standby  ) 

2-W  output 

Receiver 

7363  MHz 
10-dB  noise  figure 

Antenna 

Transmit:  three-element  colinear  slotted  array.  6-dB  gain.  23-  x 
360-deg  beam 

Receive:  slotted  dipole.  2-dB  gain 

Orbit 

I.  2:  sy  nchronous  altitude,  approximately  32-deg  inclination 
3:  sy  nchronous  equatorial 
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Sxncom  communication  subsystem. 


7363  1815 


Orbital  history 

I:  launched  13  February  1963.  all  communications  failed  during 
orbital  insertion 

2:  launched  26  July  1963.  operated  through  1966.  final  turn-off 
April  1969 

3:  launched  19  August  1964.  operated  through  1966.  final  turn-off 

April  1969 

Delta  launch  vehicle 

Management 

Developed  by  Hughes  Aircraft  Company  for  NASA  Goddard 
Space  Flight  Center 

Syncom  I  was  launched  in  February  1963.  The  intended  orbit 
was  at  synchronous  altitude  with  a  33-deg  inclination.  The  satel¬ 


lite  operated  properly  during  the  ascent,  but  all  communication 
was  lost  when  the  apogee  motor  fired  to  inject  the  satellite  into  its 
final  orbit.  The  cause  of  the  failure  was  the  rupturing  of  a  tank  of 
nitrogen  that  was  part  of  the  on-orbit  control  subsystem.  Syncom 
2  was  successfully  launched  in  July  1963.  Like  Syncom  I,  it  was 
not  intended  to  achieve  a  stationary  synchronous  orbit  because  of 
the  extra  propellant  weight  and  control  complexity  required  to  at¬ 
tain  O-deg  inclination.  NASA  conducted  a  number  of  tests  using 
this  satellite,  including  voice,  teletype,  and  facsimile.  During  its 
first  year,  in  addition  to  engineering  tests.  1 10  public  demonstra¬ 
tions  were  conducted.  Their  purpose  was  to  acquaint  the  public 
with  communication  satellites  and  to  gain  a  broader-based,  sub¬ 
jective  appraisal  of  system  performance. 

Syncom  3  was  launched  in  August  1964.  By  this  time,  launch 
vehicle  technology  had  progressed  to  the  point  where  a  true  syn¬ 
chronous  equatorial  (inclination  <1  deg)  orbit  was  possible.  The 
only  major  change  in  the  communication  equipment  was  a  chan¬ 
nel.  with  greater  bandwidth  than  Syncom  2.  to  be  used  for  televi¬ 
sion  transmissions. 

The  Department  of  Defense  (DoD)  also  conducted  a  number 
of  tests  using  Syncom  2  and  3.  During  1963  and  1966.  both  were 
used  extensively.  Five  ground  stations  and  one  shipborne  termi¬ 
nal  were  in  regular  system  use.  Also,  tests  with  aircraft  terminals 
were  conducted  using  the  very  high  frequency  (VHF)  command 
and  telemetry  links.  By  February  1966.  the  Syncom  2  and  3  re¬ 
peaters  had  a  cumulative  operational  time  of  27,000  hr.  DoD  use 
of  Syncom  diminished  when  the  Initial  Defense  Communication 
Satellite  Program  (IDCSP)  satellites  became  operational. 

While  the  Syncom  satellites  were  being  developed  and  tested, 
an  Advanced  Syncom  study  was  also  being  conducted.  The  Ad¬ 
vanced  Syncom  program  was  sometimes  called  Syncom  II. 
which,  in  some  references,  is  difficult  to  distinguish  from  the  sec¬ 
ond  satellite  of  the  original  Syncom  program  (Syncom  2  in  this 
report).  The  conceptual  satellite  was  larger  than  Syncom.  gener¬ 
ated  more  prime  power,  had  higher  antenna  gain,  and  had  repeat¬ 
ers  of  two  different  designs.  This  program  grew  beyond  an 
advanced  communications  experiment  and  became  the  Applica¬ 
tions  Technology  Satellite  (ATS)  program. 

■%. 

1.  Space  Communications  and  Navigation  I95S-I964,  NASA 
SP-93  (1966). 

2.  L.  Jaffe.  "The  NASA  Communications  Satellite  Program  Re¬ 
sults  and  Status."  Proceedings  of  the  I  Silt  International  Astro- 
nautical  Congress  ( 1964).  Vol.  2:  Satellite  Systems  ( 1963). 
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LINCOLN  EXPERIMENTAL  SATELLITES  (LES)  -1  to  -7 

tor  and  multiplier  chain  that  was  used  for  upconversion  of  the  sig¬ 
nal  from  intermediate  frequency  (IF).  The  X-band  power  was 
200  mW. 

The  eight  horns  were  mounted  so  as  to  provide  omnidirection¬ 
al  coverage.  Sensors  were  used  to  determine  the  direction  of  the 
earth  and  the  satellite  spin  rate.  On-board  logic  then  controlled 
switches  to  use  the  antenna  most  closely  pointed  toward  the  cen¬ 
ter  of  the  earth.  Other  details  of  LES- 1  and  -2  are  as  follow  s: 

Satellite 

26-sided  poly  hedron,  approximately  24  in.  in  each  dimension 
82  lb  in  orbit 

Solar  cells.  25  W  beginning  of  life,  no  batteries 
Spin-stabili/ed  w  ith  magnetic  torquing.  180  rpm 

Configuration 

20-MH/  bandwidth  triple-conversion  repeater 

Transmitter 

7750  MH/  (continuous-wave  beacon  at  7740  MH/) 

'•Hite  All  solid  state 

200-mW  output.  1 1 5  mW  at  antenna 

The  Massachusetts  Institute  of  Technology  (MIT)  Lincoln 
Laboratory  has  been  active  for  a  long  time  in  various  aspects  of 
military  communications.  Early  work  in  ionospheric  and  tropo¬ 
spheric  scatter  communications  evolved  into  the  West  Ford  orbit¬ 
al  scatter  program.  At  the  conclusion  of  that  program  in  1963. 
laboratory  efforts  were  directed  toward  active  communication 
satellite  techniques  1 1-71.  The  large  West  Ford  ground  stations 
were  to  be  used  in  the  new  programs.  In  addition,  smaller  mobile 
terminals  were  to  be  developed.  The  basic  goals  of  the  program 
included  demonstration  of 

•  High-efficiency,  all  solid-state  transmitters. 

•  Electronically  despun  antennas. 

•  Communications  with  small  mobile  terminals. 

•  Techniques  for  stationkeeping  and  attitude  control. 

Experimental  techniques  were  developed  with  a  view  toward 

eventual  application  in  synchronous  altitude  military  communica¬ 
tion  satellites. 

LES- 1  and  -2  were  essentially  identical.  They  had  small  poly¬ 
hedral  bodies  and  were  spin-stabili/ed.  The  primary  experiment 
was  an  all  solid-state  X-band  repeater  and  an  eight-horn  electron¬ 
ically  switched  antenna.  The  other  experiments  were  in  attitude 
sensing  and  control.  The  transmitter  source  was  a  crystal  oscilla- 
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Receiver 

8350  MH/ 

16-dB  noise  tig  lire 
G/T:  -37  (JB/K.  maximum 

Antenna 

Right  horns,  electronically  switched  (only  one  used  at  a  time) 
Approximately  3  dB  gain 

Design  life 

Two  years 

Orbit 

1500  x  8000  nmi.  32-deg  inclination 

Orbital  history 

1:  launched  1 1  February  1065.  launch  vehicle  failure  left  satellite 
in  1500  x  1 500-nmi  orbit  and  tumbling 

2:  launched  6  May  1065.  operated  until  September  1066.  final 
turn-off  May  1067 
Titan  IMA  launch  vehicle 

Management 

Developed  by  MIT  Lincoln  Laboratory 

LLS-I  was  launched  in  February  1065.  A  launch  vehicle  fail¬ 
ure  left  the  satellite  in  the  wrong  orbit.  The  results  of  limited  tests 
conducted  indicated  that  the  repeater  and  the  switched  antennas 
were  operating  properly.  The  satellite  then  entered  a  tumbling 
mode  that  ended  its  usefulness.  I.LS-2  was  launched  in  May 


1065  and  operated  as  planned  until  it  was  turned  off  in  September 
1066. 

LES-3  was  not  a  communication  satellite:  its  purpose  was  to 
transmit  an  ultrahigh  frequency  (UHF)  signal  for  propagation 
measurements.  LES-3  is  described  later.  The  L.LS-4  satellite  was 
similar  to  LES- 1  and  -2.  The  interior  structure  was  the  same,  but 
the  solar  array  was  mounted  on  a  cy  lindrical  shell  rather  than  on  a 
poly  hedral  shell,  the  cy  lindrical  array  being  more  efficient  for  the 
synchronous  equatorial  orbit  of  I.ES-4.  The  satellite  details  are  as 
follows: 

Satellite 

l()-sided  cylinder.  3 1 -in.  dia..  25-in.  height 
1 16  lb  in  orbit 

Solar  cells.  36- W  initial  minimum,  no  batteries 
Spin-stabili/ed  with  magnetic  torquing.  1 1  rpm 

Configuration 

20-MH/  bandwidth  triple-conversion  repeater 

Transmitter 

7750  MH/  (continuous-wave  beacon  at  7740  MH/l 
All  solid  state 

230  mVV  at  antenna.  3-dB\V  ERP 

Receiver 

8350  MH/ 

9-dB  noise  ligure 

G/T:  -29  dB/K.  maximum 


Antenna 

Transmit:  eight  horns  electronically 
switched.  10-dB  peak  gain,  circularly  po¬ 
larized.  each  horn  covered  about  26  x  45 
deg  of  a  26-  x  360-deg  toroid 
Receive:  biconica!  horn.  26  x  360  deg.  cir¬ 
cularly  polarized 

Design  life 

Three  years 

Orbit 

Intended:  synchronous  equatorial 
Actual:  105  x  18.200  nmi.  26-deg  inclina¬ 
tion 

Orbital  history 

Launched  21  December  1965.  Launch  ve¬ 
hicle  failure  resulted  in  wrong  orbit  and 
orientation.  By  26  December  1965.  the 
orientation  changed  enough  to  permit  suffi¬ 
cient  solar  cell  output  for  operation.  Decayed  1  August  1977 
Titan  II1C  launch  vehicle 

Management 

Developed  by  MIT  Lincoln  Laboratory 

The  LES-4  repeater  design  was  nearly  the  same  as  the  LES-2 
design,  but  improved  components  significantly  lowered  the  re¬ 
ceiver  noise  figure  and  increased  the  transmitter  power.  The 
LES-4  transmitting  antenna  comprised  eight  horns  uniformly 
spaced  in  a  plane  normal  to  the  satellite  spin  axis.  Sun  and  earth 
sensors  and  logic  circuits  controlled  the  switches  to  despin  the  an¬ 
tenna  electronically.  The  difference  in  the  antenna  design  from 
LES-2  was  possible  because  LES-4  was  intended  for  use  in  a  syn¬ 
chronous  equatorial  orbit,  where  coverage  could  be  limited  to  26 
deg  in  the  north-south  plane. 
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EES- /,  -2.  and  -4  communication  subsystem. 

LES-3  and  -4  were  launched  in  December  1965.  As  the  result 
of  a  launch  vehicle  malfunction,  the  satellites  were  placed  in  an 
elliptical  synchronous  transfer  orbit.  Originally,  the  orientation 
of  LES-4  was  such  that  only  enough  power  was  available  for  op¬ 
eration  of  the  telemetry  system.  Five  days  after  launch,  the  spin 
axis  orientation  had  changed  enough  so  that  power  was  available 
for  the  operation  of  all  the  satellite  systems.  From  that  time,  the 
LES-4  repeater  and  antenna  operated  as  expected. 

The  LES-5  and  -6  satellites  had  cylindrical  shapes  with  equip¬ 
ment  mounted  on  a  platform  near  the  center  of  the  cylinder  and 
normal  to  its  axis.  Both  had  multiple-element  antennas  mounted 
around  the  cylindrical  surface.  In  addition  to  their  communica¬ 
tions  equipment,  the  satellites  carried  solar  cell  degradation  and 
radio  frequency  interference  (RFI )  experiments.  LES-6  also  had 
a  prototype  autonomous  stationkeeping  subsystem.  The  details  of 
LES-5  are  as  follows: 


Satellite 

Cylinder,  48-in.  dia..  64-in.  height 

230  lb  in  orbit,  beginning  of  life 

Solar  cells.  136-W  initial  maximum,  no  batteries 

Spin-stabilized  with  magnetic  torquing.  approximately  10  rpm 

Configuration 

Single  100-  or  300-kHz  bandwidth  double-conversion  repeater 

Transmitter 

228.2  MHz.  beacon  at  228.43  MHz 
Solid  state 

35-W  output.  16.3-dBW  ERP  beginning  of  life  nominal  in  satel¬ 
lite’s  equatorial  plane 

Receiver 

255.1  MHz 
3.6-dB  noise  figure 

G/T:  -26  dB/K  nominal  in  satellite's  equatorial  plane 

Antenna 

Eight  dipoles  parallel  to  satellite  axis.  2.5-dB  gain  circularly  po¬ 
larized  (electronic  despin  logic  tested  on  satellite,  but  not  used 
with  antennas) 

Design  life 

Five  years 

Orbit 

!8.(XM)  x  18.180  nmi  (30-deg  drift  per  day).  7-deg  initial  inclina¬ 
tion 

Orbital  history 

Launched  I  July  1967.  operated  until  May  1971 
Titan  1 1 1C  launch  vehicle 

Management 

Developed  by  MIT  Lincoln  Laboratory 
The  details  of  LES-6  are  as  follows: 
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Satellite 

Cylinder,  48-in.  dia.,  66-in.  height 
398  lb  in  orbit,  beginning  of  life 

Solar  cells.  220-W  initial  maximum,  limited  battery  capacity 
Spin-stabilized  with  magnetic  torquing,  approximately  8  rpm 
Cold  gas  propulsion  for  on-orbit  use 

Configuration 

Single  1  C)0-  or  500-kHz  bandwidth  double-conversion  repeater 

Transmitter 

249.1  MHz  (500-kHz  mode),  248.94  MHz  ( 100-kHz  mode),  bea¬ 
con  at  254.14  MHz 
Solid  state 

Variable  output  power,  120-W  initial  nominal  (see  text) 

ERP:  29.5  dBW  at  beginning  of  life.  21  dBW  after  five  years 

Receiver 

302.7  MHz  (500-kHz  mode),  302.54  MHz.  (100-kHz  mode) 
3.6-dB  noise  figure 

Antenna 

Sixteen  sets  of  dipoles  and  cavity-backed  slots  arranged  in  eight 
colinear  pairs,  circularly  polarized 

Electronically  despun.  9.5-dB  gain.  34-deg  (north-south)  x  54- 
deg  (equatorial  plane)  beamwidth 

Orbit 

Synchronous.  3-deg  initial  inclination 

Orbital  history 

Launched  26  September  1968.  operated  until  turned  off  in  March 
1976.  still  operable  in  1978.  1983.  and  1988  tests 
Titan  IIIC  launch  vehicle 

Management 

Developed  by  MIT  Lincoln  Laboratory 

LES-5  and  -6  had  all  solid-state  communications  equipment 
that  operated  in  the  military  UHF  band.  | This  is  called  UHF,  al¬ 


though  the  standard  designation  is  VHF  up  to  300  MHz  and  UHF 
above  that.]  The  LES-5  communication  subsystem  had  a  final 
amplifier  of  conventional  design  and  had  very  good  efficiency — 
68 c/c  direct  current  (dc)  to  radio  frequency  (RF).  The  LES-6  am¬ 
plifier  was  an  experimental  design  in  that  it  was  directly  connect¬ 
ed  to  the  solar  array  power  bus  without  any  intervening  power 
converters.  In  this  design,  all  power  not  required  by  other  satel¬ 
lite  systems  was  directly  available  to  the  transmitter,  and  the 
transmitter  power  varied  with  the  available  prime  power.  It  was 
claimed  that  this  design  provided  an  extra  3  dB  of  transmitted 
power  initially  and  0.5  dB  extra  at  the  end  of  satellite  life.  In-or¬ 
bit  measurements  indicated  that  transmitter  power  was  in  the 
range  of  100  to  130  W.  LES-5  did  not  have  a  despun  antenna,  but 
it  was  used  to  test  some  logic  that  was  used  in  LES-6.  The  despun 
circuitry  in  LES-6  was  based  on  LES-2  and  -4  experience  and 
used  similar  techniques  involving  earth  and  sun  sensors. 

LES-5  was  launched  in  July  1967  with  three  IDCSP  satellites 
and  was  placed  into  a  subsynchronous  orbit  similar  to  theirs. 
Both  Lincoln  Laboratory  and  the  military  services  conducted  a 
number  of  tests  with  LES-5.  Aircraft,  shipborne,  and  fixed  and 
mobile  ground  terminals  were  all  involved  in  the  tests,  which 
were  considered  very  successful.  LES-5  operated  until  Mav 
1971. 

LES-6  was  launched  in  September  1968  and  was  used  in  tests 
similar  to  those  conducted  with  LES-5.  The  satellite  operated  sat¬ 
isfactorily.  The  communication  subsystem  continued  in  active 
use,  although  by  1975  the  effective  radiated  power  (ERP)  had  de¬ 
creased  8  dB  from  its  initial  value.  It  was  turned  off  early  in  1976 
to  avoid  any  frequency  conflict  with  the  Marisat  launched  in  Feb¬ 
ruary  1976. 

The  LES-7  satellite  was  intended  to  have  an  all  solid  state. 
100-MHz  bandwidth,  single-conversion.  X-band  repeater  and  a 
multibeam  antenna.  Although  the  program  was  canceled  before 
the  satellite  was  built,  a  prototype  antenna  was  built  and  tested. 
This  antenna  was  a  waveguide  lens-type  w  ith  a  cluster  of  19  feed 
horns  and  was  capable  of  generating  beam  sizes  as  small  as  3  deg 
and  as  large  as  earth  coverage. 
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APPLICATIONS  TECHNOLOGY  SATELLITES  (ATS)  1  to  5 


The  ATS  program  [1-7]  evolved  front  the  Advanced  Syneom 
stud}'.  The  ATS  series  continued  some  of  the  communications  ex¬ 
periments  planned  for  Advanced  Syneom  and  also  included  mete¬ 
orological.  attitude  control  and  stationkeeping,  and  space 
environment  experiments.  ATS  I  through  5  (called  ATS  A.  B.  C. 
D.  and  E  before  launch)  constitute  the  first  generation  of  the  pro¬ 
gram:  the  second  generation  is  the  single  ATS  6  satellite.  The  first 
objectives  of  the  ATS  program  were  to 

•  Investigate  and  (light  test  technology  common  to  a  number 
of  satellite  applications. 

•  Investigate  and  (light  test  technology  for  the  geosynchro¬ 
nous  orbit. 

•  Conduct  a  gravity  gradient  experiment. 


•  Conduct  (light  test  experiments  for  a  number  of  tvpes  of  sat¬ 
ellite  applications  on  each  indiv  idual  spacecraft. 

ATS  I  to  5  have  some  basic  similarities,  which  are  summa- 
ri/ed  in  Table  I.  The  main  distinction  between  the  designs  of 
these  satellites  is  that  two  use  spin  stabilization  and  three  use 
gravity-gradient  stabilization.  Table  I  delineates  the  communica¬ 
tions  experiments  in  each  satellite:  block  diagrams  of  the  equip¬ 
ment  associated  with  each  experiment  are  shown  graphically. 

The  C-band  communications  experiment  is  the  only  experi¬ 
ment  common  to  all  live  satellites.  The  transmit  and  receive  fre¬ 
quencies  are  in  the  satellite  communication  bands  used  by  the 
Intelsat  satellites.  Three  modes  of  operation  are  possible  in  each  of 
the  two  repeaters,  and  the  repeaters  may  operate  sim.  Itaneouslv. 


Table  I.  ATS  Characteristics. 


CHARACTERISTICS 

SATELLITE*  b 

ATS  1  (B) 

ATS  2  (A) 

ATS  3  (C) 

ATS  4  (D) 

ATS  5  (E) 

Cylinder 

Diameter,  in. 

58 

56 

58 

56 

i 

i  56 

Height,  in. 

54 

72 

54 

72 

72 

Initial  orbital  weight,  lb 

775 

702 

775 

670 

670 

Solar  cells  and  NiCd  batteries. 

W  initial 

175 

130 

175 

130 

130 

Stabilization 

Spin 

Gravity  gradient 

Spin 

Gravity  gradient 

Gravity  gradient 

Design  life,  yr 

3 

3 

3 

3 

3 

Actual  orbit 

Synchronous 

100  x  600  nmi 

Synchronous 

130  x  480  nmi 

Synchronous 

Intended  orbit 

Launch  date 

equatorial,  149°W, 
moved  to  164°W 
in  1982 

7  Dec  1966 

6000  nmi 

6  Apr  1967 

equatorial.  105°W 

8  Nov  1967 

Synchronous 

equatorial 

10  Aug  1968 

equatorial.  70eW 

12  Aug  1969 

Decay  date 

Launch  vehicle 

Atlas-Agena 

2  Sep  1969 
Atlas-Agena 

Atlas-Agena 

17  Oct  1968 

Atlas-Centaur 

Atlas-Centaur 

Experiments 

C-Band  communications 

Yes 

Yes 

Yes 

Yes 

Yes 

VHP  communications 

Millimeter  wave  propagation 

L-Band  communications 

Yes- 

Yer 

Yes 

Yes 

J _ 

“Aphabetic  designations  were  used  before  launch,  numeric  after. 

bSatellites  were  developed  by  Hughes  Aircraft  Company  for  NASA,  operated  by  NASA. 
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The  frequency  translation  mode  is  used  tor  wideband  data  relay 
between  two  ground  stations.  In  this  mode,  only  one  carrier  is 
present,  and  the  signal  may  occupy  the  entire  25- MHz  repeater 
bandwidth.  Several  frequency  division  multiplexed,  single-side¬ 
band  modulated  signals  are  received  in  the  multiple  access  mode. 
Lind  the  composite  signal  is  used  to  phase  modulate  the  transmitter 
in  the  satellite.  All  the  ground  stations  receive  the  transmitted  sig¬ 
nal  and  select  the  channels  of  interest  from  the  recovered  base¬ 
band.  which  contains  all  the  channels  in  use.  In  this  way.  a 
number  of  ground  stations  can  he  connected  simultaneously.  The 
wideband  data  mode  is  used  for  transmission  of  information  gen¬ 
erated  by  on-board  meteorological  cameras.  Various  types  of  an¬ 
tennas  were  used  on  ATS  I  to  5  with  the  C'-hand  communications 
experiment.  Details  of  the  experiment  are  as  follows: 

Configuration 

Two  25-MHz  bandwidth  repeaters 

Capacity 

I  200  one-way  v  oiee  circuits  or  one  color  TV  channel 

Transmitter 

4120-  and  4170-MHz 

Two  TWTs  per  repeater,  used  singly  or  together 
4-\V  output  per  TWT.  except  1 2  VV  at  4 1 70  MH/  on  ATS  4 
IIRP:  I:  10  5.  22.0  dBW  d.2  TWTsi:  5:  22.0.  25.0  dBW  (1.2 
4-VV  TWTs».  2b. 5  dBW  (  I  12-W  TWT K  5:  22.5.  25.0  dBW  (1.2 
TWIs) 

Receiver 

6212-  andb50l  Mil/ 
funnel  diode  preamplifiers 
b.2-ilB  noise  ligurc 


ATS  I  satellite  details. 

Antenna 

1:  Transmit:  phased  array,  lb  sets  of  4  colinear  dipoles.  14-dB 
gain.  17-deg  (north-south)  x  21-deg  (equatorial  plane)  beam- 
width.  Receive:  six-element  colinear  array.  b-dB  gain 
2:  Horn.  10.5-dB  gain 

3:  Mechanically  despun  cylindrical  reflector  with  linear  feed  on 

cylinder  (and  spin)  axis.  IX-dBgain.  17-deg  beamwidth 

4.  5:  Receive:  planar  array,  four  slots  m  each  of  four  waveguide 

sections.  lb.3-dB  gain.  23-deg  beamwidth 

Transmit:  similar  array.  lb.7-dB  gain 

The  VHF  experiment,  which  is  on  ATS  I  and  3.  had  the  prima¬ 
ry  objective  of  evaluating  communications  between  ground  sta¬ 
tions  and  aircraft.  Other  objectives  were  1 1 )  to  demonstrate  the 
collection  of  meteorological  data  from  remote  terminals.  (2i  to 
communicate  with  ships,  and  (3)  to  evaluate  the  feasibilitv  of  a 
VHF  navigatii  .  satellite.  The  VHF  equipment  on  the  two  satel¬ 
lites  is  similar.  The  antenna  is  an  eight-element  phased  array  with 
a  receiver  and  transmitter  for  each  element,  but  w  ith  a  common  IF 
amplitier. 

It  is  possible  to  operate  only  four  transmitters  to  conserve 
prime  power,  or  to  equalize  the  phase  snifters  to  generate  a  toroi 
dal  antenna  pattern.  On  ATS  3  only,  it  is  possible  to  receive  a 
VHF  signal  and  transmit  it  with  the  C'-band  transmitter.  Details 
of  the  experiment  are  as  follows: 

Configuration 

100-kHz  bandwidth  double-conversion  repeater 

Transmitter 

1 35  b  MHz 

I:  5  W  per  element.  40  W  total.  22.5-dBW  FRP 
3:  b  25  W  per  element.  50  W  total.  25.2-dBW  FRF’ 
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C-BAND 


ATS  i  tminnmicuiioi)  \nbw\irni\. 


Receiver 

149.2  MM/ 

1 :  4.5-dB  noise  figure 
-V  4.0-dB  noise  figure 


WB  Wideband  data  (onboard  data  source) 

Receiver 

3 1 .65  C.H/ 


Antenna 

liight-elemeni  (dipoles)  phased  arras 
1 :  9-dB  gain 
3:  10-dB  train 

The  millimeter-wave  experiment  on  ATS  5  was  designed  to 
measure  atmospheric  e fleets  on  propagation.  No  repeater  was  in¬ 
cluded  m  the  satellite.  Rather,  on  both  uplinks  and  downlinks,  a 
carrier  was  phase-modulated  by  a  sine  wave.  The  modulation  in¬ 
dex  was  selected  to  equali/e  power  at  the  carrier  and  the  first  two 
sideband  frequencies.  Measurements  were  made  at  two  frequen¬ 
cies.  one  for  the  uplink  and  the  other  lor  the  downlink.  These 
measurements  pros  ided  data  on  absorption,  refraction,  and  fading 
characteristics.  The  use  of  the  modulated  sidebands  provided 
data  on  the  coherence  properties  of  the  atmosphere.  Details  of  the 
experiment  are  as  follows: 

Transmitter 

15.3  C.H/ 

Solid  stale 
200-mW  output 


15-dB  noise  figure 

Antenna 

Two  horns  tone  each  for  transmit  and  receive i 
2()-deg  beamwKith.  19-dB  gain 

Modulation  (uplinks  and  downlinks) 

Phase  modulation.  1.43  modulation  index  to  provide  approxi¬ 
mately  equal  power  in  carrier  and  first  sidebands 
Modulation  frequenev:  none.  100  kHz.  I  MH/.  10  MH/.  or  50 
MH/ 

The  L-hand  ( 1550/1 A50-MH/)  equipment  on  ATS  5  has  a  de¬ 
sign  similar  to  the  C-band  14/6-GH/i  communications  equipment 
on  all  live  ATS  satellites.  Its  purpose  is  to  investigate  navigation 
and  traffic  control  communications  tor  aircraft  l  or  these  func¬ 
tions  it  may  be  more  suitable  than  VHI\  where  the  available  band¬ 
width  is  limited  and  propagation  variations  limit  navigation 
accuracy.  The  I  .-hand  equipment  may  be  operated  as  a  repeater 
in  the  frequency  translation  mode  In  the  multiple  access  mode, 
as  many  as  10  single-sideband  modulated  signals  are  received  at 
I  -band  and  combined  into  a  composite  signal  that  frequency 
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modulates  either  the  L-band  or  the  C-band  transmitter.  An  alter¬ 
native  frequency  translation  mode  uses  the  C-band  reeeiver  and 
the  E-band  transmitter.  The  transmitter  may  also  be  modulated 
by  data  from  on-board  experiments. 

Configuration 

25-MHz  bandwidth  repeater 

Transmitter 

1550-MHz  eenter  frequency 
Two  TWTs  used  singly  or  together 

12  W  per  TWT.  22.4-dBW  HRP(oneTWT).  25.4-dBW  ERPdwo 
TWTs) 

Receiver 

1651  -MH/  eenter  frequency 
8-dB  noise  figure 

Antenna 

1 7.2-dB  gain 

Of  the  fixe  ATS  launches,  three  satellites  were  successfully 
placed  in  orbit.  ATS  2  and  4  did  not  achieve  the  desired  orbit  be¬ 
cause  of  launch  vehicle  malfunctions,  and  few  experimental  data 
were  obtained.  The  ATS  2  C-band  repeaters  operated  1 2  and  626 
hr.  and  the  ATS  4  repeaters  operated  only  9  and  50  hr.  ATS  4  was 
m  orbil  only  two  months.  ATS  2  was  in  orbit  over  twit  years  but 
was  deactivated  after  six  months. 

The  experiments  on  both  ATS  I  and  ATS  5  were  used  exten¬ 
sively  after  the  satellites  were  in  orbit.  Through  March  1971.  the 
four  microwave  communication  repeaters  on  these  satellites  hail 


accumulated  about  35.000  hr  of  use.  Tests  were  run  in  all  modes, 
and  numerous  spacecraft  parameters  were  measured.  Various 
tests  were  run  to  determine  the  values  of  system  noise,  delay,  fre¬ 
quency  response,  and  intermodulation.  In  general,  system  perfor¬ 
mance  was  satisfactory  according  to  commercial  standards.  The 
C'-band  communications  equipment  was  also  used  a  number  of 
times  for  international  television  broadcasts  of  public  interest. 

Engineering  performance  measurements  were  also  performed 
on  the  VHP  equipment.  System  performance  was  evaluated  for 
ground-satellite-aircraft  links  using  equipment  installed  on  sever¬ 
al  commercial  aircraft.  The  United  States  Coast  Guard  performed 
tests  using  several  shipborne  terminals.  In  general,  the  results 
with  both  aircraft  and  ships  were  fair  to  good  communications, 
and  the  quality  of  the  satellite  link  was  usually  as  good  as.  or  bet¬ 
ter  than,  alternative  communication  links.  The  VHF  equipment 
was  also  used  for  experiments  in  clock  synchronization,  naviga¬ 
tion.  and  meteorological  data  collection  and  dissemination.  Re¬ 
sults  were  varied,  often  limited  by  available  equipment  or  satellite 
design,  but  the  experiments  did  provide  a  database  and  recom¬ 
mendations  for  future  work.  Since  April  1971.  the  VHF  repeater 
of  ATS  I  has  been  used  regularly  about  20  hr  a  week  as  a  single 
channel  international  communication  system  called  Project 
PEACES  AT  (Pan  Pacific  Education  and  Communication  Experi¬ 
ments  by  Satellite).  PEACESAT  provides  cultural  and  emergen¬ 
cy  communications  to  about  20  nations  (mostly  small  island 
nations)  of  the  Pacific  basin.  ATS  3  is  also  providing  communica¬ 
tion  services  in  the  Pacific  basin.  Both  ATS  I  and  ATS  3  have  de¬ 
graded  in  performance,  but  both  continued  in  use  of  more  than  six 
times  their  three-year  design  lives.  In  1985.  ATS  1  failed  to  re¬ 
spond  to  commands:  therefore,  it  can  no  longer  be  kept  at  the  cor¬ 
rect  location  to  serve  all  the  Pacific  basin  users,  even  though  its 
electronics  remain  useable.  ATS  3  was  still  functioning  properly 
into  1986. 

ATS  5  was  successfully  placed  into  synchronous  orbit.  The 
satellite  was  to  be  spinning  upon  orbital  injection  and  then 
despun.  at  which  time  the  gravity-gradient  stabilization  would  be¬ 
gin.  During  orbital  injection,  however,  the  satellite  developed  a 
spin  about  an  axis  normal  to  the  intended  spin  axis.  In  this  orien¬ 
tation.  the  satellite  could  not  be  despun.  Because  of  the  spinning 
condition,  the  satellite  antennas  pointed  toward  the  earth  only  a 
small  portion  of  each  revolution.  Hence,  the  communication  ex¬ 
periments  were  operated  with  limited  success  in  a  pulsed  type  of 
operation  synchronized  w  ith  the  periods  of  correct  antenna  orien¬ 
tation. 

4;  ;J;  ^ 
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APPLICATIONS  TECHNOLOGY  SATELLITE  (ATS)  6 


The  ATS  6  satellite  |  l-26|  was  the  second  veneration  of  the 
NASA  Applications  Technology  Satellite  program.  Prior  to 
launch,  the  satellite  was  designated  ATS  L.  The  program  had  in- 
eluded  a  second,  very  similar  satellite  called  ATS  G.  but  it  was 
canceled  for  budgetary  reasons.  ATS  I  to  5.  launched  in  1466 
through  1464.  constituted  the  lirst  generation.  Tight  of  the  exper¬ 
iments  on  ATS  6  were  for  communications  and  propagation  stud¬ 
ies  that  covered  a  frequency  range  from  H60  MH/  to  30  GH/. 

ATS  6  consisted  of  a  30- ft  diameter  parabolic  antenna,  an 
earth-viewing  module  located  at  the  focus  of  the  parabola,  two 
solar  array  s,  and  the  interconnecting  structures.  The  antenna  and 
the  solar  arrays  were  deployed  after  the  satellite  was  in  orbit.  All 
the  communications  experiments  were  located  in  a  section  of  the 
earth-viewing  module.  Feed  horns  for  the  large  parabola  were 
mounted  on  top  of  the  module  and  other  antennas  on  the  bottom. 
General  satellite  characteristics  are  as  follows: 

Shape,  size 

3()-ft  dia.  parabolic  reflector.  6.3- ft  dia.  hub  section  with  copper- 
coated  dacron  mesh  supported  by  48  aluminum  ribs 
Earth-viewing  module  at  antenna  focus  with  experiment  sections 
and  support  subsy  stems.  54  x  54  x  65  in. 

Two  solar  array  s  (deployed  in  space),  each  half  a  cylinder.  54-in. 
radius.  64  in.  long 
Maximum  height.  27  ft.  6  in. 

Maximum  span.  51  ft.  8  in. 

Initial  orbital  weight 

2670  lb 

Power 

Solar  cells  and  NiCd  batteries 
645-VV  initial  maximum 
415-W  minimum  after  live  years 

Stabilization 

Three-axis-stabili/ed  w  ith  inertia  wheels. 

0. 1  -deg  pointing  accuracy 
Pointing  to  any  location  on  earth 
Tracking  of  low -altitude  satellite  over  ±1 1  deg  from  local  vertical 

Design  life 

Two  years  (required),  live  years  (goal) 

Orbit 

Synchronous  equatorial:  64  W  longitude  until  June  1675.  35“E 
longitude  from  July  1475  to  July  1476.  140  W  longitude  until 
July  1674:  moved  out  of  sy  nchronous  orbit  late  1474  or  early 
1680 

Orbital  history 

Launched  30  May  1474 

Titan  IIIC  launch  vehicle 

In  use  until  turned  off  (July  1474) 

Management 

Developed  by  Fairchild  for  NASA 

ATS  6  was  launched  in  May  1674.  It  was  originally  positioned 
at  64  W  longitude,  where  it  was  used  w  ith  United  States  ground 
stations  for  one  year.  During  June  1675.  it  was  moved  to  35  1: 
longitude  for  the  instructional  television  experiment  broadcasts  to 
India  At  the  same  time,  the  NASA  millimeter-wave  experiment 


was  used  in  conjunction  with  several  European  ground  terminals. 
After  the  one-year  Indian  experiment,  in  the  fall  of  1676.  the  sat¬ 
ellite  was  slow  ly  returned  to  the  Western  Hemisphere.  During  the 
transfer  period,  demonstrations  of  the  social  benefits  possible 
with  such  a  satellite  were  made  in  27  countries.  ATS  6  was  then 
located  at  140  W  longitude  and  used  in  several  experimental  pro- 
sirams.  It  was  turned  off  in  the  summer  of  1676. 


The  position  locution  and  aircraft  communication  experiment 
(PLACE)  was  an  extension  of  similar  experiments  conducted  at 
ATS  1.  3.  and  5.  Like  ATS  5.  ATS  6  used  frequencies  near  1550 
and  1650  MH/  (L-band)  for  transmissions  to  and  from  aircraft. 
Both  voice  and  digital  data  transmissions  and  a  four  tone  ranging 
system  for  aircraft  position  determination  were  part  of  the  experi¬ 
mental  program.  The  sy  stem  w  as  configured  to  permit  multiple 
access  voice  from  100  aircraft  in  10-kH/  channels.  At  lirst.  three 
ground  terminals  were  used  to  simulate  aircraft,  with  later  exper¬ 
iments  involving  actual  aircraft.  The  ranging  signal  operation 
had  a  transmission  to  all  aircraft,  with  a  coded  data  channel  to 
designate  one  aircraft  at  a  time  to  return  the  signal.  All  frequen¬ 
cies  were  coherently  related  to  the  ground  station  transmitter  fre¬ 
quency  so  that  range  rate  as  well  as  range  could  be  determined. 
Experiments  included  multiple  aircraft  tracking,  determination  of 
capacity  limitations  (ground  equipment  simulated  most  of  the  air¬ 
craft).  determination  of  multipath  effects,  and  ev  aluation  of 
ground  and  aircraft  terminals.  Details  of  the  experiment  are  as 
follows: 


1  5-ft 

30-tt  parabola  Horn  parabola 


ATS  6  communication  subsystem. 


- M^)-— ► 

L-BAND  RECEIVER 


any  1  or  2  TWTs 


■rvaoJ 


S-BAND  TRANSMITTER 
(L-band  is  identical) 


860-MHz  TRANSMITTER 


13M8  GHZ  RECEIVER 
Redundant  units  not  shown 


2 3 


Configuration 

Two-way  link  through  ATS  6  between  a  ground  terminal  and  air- 
eral’t  for  both  voice  and  ranging  functions 

Transmitter  (ATS  6  to  aircraft  link) 

1550  MH/ 

40- W  output.  40. .V  or  5 1 .0-dBW  I£RP 

Receiver  (aircraft  to  ATS  6  link) 

1650  MH/ 

G/T:  -4.4  or  +5.5  dB/K 

Antenna 

30- ft  parabola.  28-  to  29-dB  gain  w  ith  0.8-  x  7.5-deg  fan  beam. 
38.5-dB  gain  w  ith  1.5-deg  pencil  beam,  circular  polari/ation 

Transmitter  (ATC  6  to  ground  link) 

One  of  3750.  3050.  or  4 1 50  MH/ 

12-W  output.  28-dBW  KRPon  axis 

Receiver  (ground  to  ATS  6  link) 

One  of  5950.  6150.  or  6350  MH/ 

G/T:  -17  dB/K  peak 

Antenna 

Horn,  16.3-  to  16.5-dB  gain.  1.3-  x  20-deg  beamwidth.  linear  po¬ 
larization 

The  satellite  instructional  television  experiment  (SITE,  or 
sometimes  ITVt  was  a  cooperative  effort  by  NASA  and  the  gov¬ 
ernment  of  India.  The  basic  objectives  were  to  demonstrate  the 
use  of  satellite  television  broadcasting  for  instructional  purposes 
and  to  evaluate  the  various  techniques  and  equipment.  The  tele¬ 
vision  programs  were  prepared  by  the  Indian  government  and 
transmitted  at  6  C»H/  to  ATS  6  from  one  of  three  ground  stations 
in  India.  The  satellite  retransmitted  the  signals  at  860  MH/.  The 
860-MHz  signal  was  directly  received  in  2000  villages  by  com¬ 
munity  television  receivers  with  simple  10-ft  parabolic  antennas. 
The  signal  was  also  received  by  regular  television  stations  and  re¬ 
broadcast  to  about  3000  villages  in  the  standard  VHF  television 
band.  The  television  signal  had  two  audio  channels  w  ith  different 
dialects.  (Operational  systems  may  have  as  many  as  14  audio 
channels  to  cover  the  major  dialects  and  languages  used  in  India.) 
The  one  year  of  SITE  operation  prov  ided  experience  for  develop¬ 
ment  of  a  national  telev  ision  broadcast  satellite  system  being 
planned  by  India.  Details  of  the  experiment  are  as  follows: 

Configuration 

40-MH/  bandwidth  double-conversion  repeater 

Transmitter 

860  MHz  (3750  MHz  used  occasionally  to  monitor  signals) 

80- W  output.  5 1 .0-dBW  ERR  peak 

Receiver 

5950  MHz 

G/T:  -17  dB/K  peak 

Antenna 

Transmit:  30- ft  parabola.  33-dB  peak  gain.  2.8-deg  beamwidth. 
circular  polari/ation 

Receive:  horn.  16.3-dB  peak  gain.  13-  x  20-deg  held  of  view,  lin¬ 
ear  polarization  (30-l't  parabola  might  be  used  for  receiv  ing  in¬ 


stead  of  horn.  48.4-dB  peak  eain.  0.4-dee  beamwidth.  +13.7  dB/ 
K  G/T ) 

The  TRUST  experiment  (television  relay  using  small  termi¬ 
nals)  was  similar  to  SITE  and  used  the  same  equipment  in  ATS  6. 
SITE  was  used  in  a  year-long  instructional  program  with  evalua¬ 
tions  of  that  program,  whereas  the  main  objectives  of  TRUST 
were  hardware  oriented.  System  performance  was  compared 
with  design  values,  and  ionospheric  effects  on  system  perfor¬ 
mance  were  measured.  Considerable  emphasis  was  placed  on  the 
small  860-MHz  receiver.  A  program  goal  was  to  develop  a  termi¬ 
nal  that  would  cost  less  than  $200  in  large-volume  production. 
The  experiment  details  are  the  same  as  given  for  SITE. 

The  health/education  experiment  (formerly  the  educational- 
television  experiment)  was  used  to  test  satellite  distribution  of  ed¬ 
ucational  and  medical  programs.  The  educational  programs  were 
primarily  for  children,  and  the  medical  programs  covered  both 
professional  education  and  consultation  and  general  health  care. 
The  receiving  terminals  for  the  experiment  were  in  areas  where 
present  television  services  are  limited  because  of  either  geograph¬ 
ical  (Rocky  Mountain  states.  Alaska)  or  social  (Appalachia)  fac¬ 
tors.  Two  separate  television  channels  could  have  been 
transmitted  by  ATS  6  using  separate  antenna  beams  (produced  by 
two  feed  horns  and  the  30- ft  reflector).  Since  a  1-deg  beamwidth 
was  used,  transmission  to  the  various  geographic  areas  occurred 
at  different  times.  The  transmissions  from  ATS  6  were  at  2570 
and  2670  MHz  (S-band).  Some  of  the  receiv  ing  terminals  were 
equipped  to  prov  ide  an  S-band  relurn  link  through  ATS  6.  Details 
of  the  experiment  are  as  follows: 

Configuration 

Forward  link:  two  30-  to  40-MHz  bandwidth  repeaters  for  two 
FM-TV  carriers  with  sound  subcarriers  plus  separate  telephone 
carriers 

Relurn  link:  for  telephone  carriers 

Transmitter 

2570  and  2670  MHz  (also  C-band  for  monitoring) 

15-W  output.  53. 0-dBW  peak  ERP 

Receiver 

5950  MHz 

G/T:  -17  dB/K  peak 

Antenna 

Transmit:  30- ft  parabola.  41.5-dB  peak  gain.  I -deg  beamwidth. 
circular  polarization 

Receive:  horn.  16.3-dB  peak  gain.  13-  \  20-deg  held  of  v  iew.  lin¬ 
ear  polarization  (30-ft  parabola  might  be  used  for  receiving  in¬ 
stead  of  horn.  48.4-dB  peak  gain.  0.4-deg  bandwidth.  13.7  dB/K 
G/T) 

In  the  tracking  and  data  relay  satellite  experiment.  ATS  6  was 
used  to  relay  commands  and  tracking  signals  to.  and  data  and 
tracking  signals  from.  GEOS-3  and  Nimbus  6.  The  returned  data 
were  compared  with  data  received  from  the  spacecraft  at  a  stan¬ 
dard  ground  terminal.  The  orbit  was  computed  from  the  range 
and  range  rate  data  obtained  through  ATS  6  and  the  uncertainty  of 
the  orbit  determination  compared  with  theoretical  predictions. 
ATS  6  used  S-band  for  communications  with  the  spacecraft  and 
C-band  for  communications  with  the  ground.  An  array  of  feed 
horns  under  the  30-ft  reflector  was  switched  to  allow  the  antenna 
beam  to  track  the  spacecraft  along  its  orbit.  The  same  equipment 
was  also  used  to  provide  a  communications  relay  between  the 


ground  and  an  Apollo  spacecraft  during  the  Apollo-Soyuz  Test 
Project.  Details  of  the  experiment  are  as  follows: 

Configuration 

Two  12-  or  40- MHz  bandwidth  channels 

Two-way  link  through  ATS  6  between  ground  and  a  low-altitude 
satellite 

Transmitter  (ATS  6  to  satellite  link) 

2063  MH/ 

20- W  output.  48.0-dBW  ERP  minimum 

Receiver  (satellite  to  ATS  6  link) 

2253  MHz 

G/T:  7.0  dB/K  minimum 

Antenna 

30- ft  parabola.  36.4-dB  gain  minimum.  13.2-deg  overall  held  of 
view  using  sw  itched  feeds,  circular  polarization 

Transmitter  (ATS  6  to  ground  link) 

3753  MH/  primary  (alternates  3053  or  4153  MHz) 

1 2-W  output.  28.0-dBW  ERP  peak 

Receiver  (ground  to  ATS  6  link) 

5038  MHz  primary  (alternates  6138  or  6338  MHz  ) 

G/T:  -17  dB/K  peak 

Antenna 

Horn:  16.5-dB  transmit  gain  (peak).  16.3-dB  receive.  13-  x  20- 
deg  held  of  \  iew.  linear  polarization 

The  frequencies  from  5025  to  6425  MHz  are  shared  by  terres¬ 
trial  and  satellite  communication  services.  The  RFI  experiment 
was  used  to  determine  the  extent  of  interference  between  these 
two  services.  When  the  REI  experiment  was  operating,  the  entire 
500-MHz  bandw  idth  of  interest  was  received  by  ATS  6  and  re¬ 
transmitted  to  a  ground  station.  Data  processing  at  the  ground 
station  was  used  to  determine  the  power  levels  and  geographic 
and  frequency  distribution  of  the  terrestrial  sources  of  noise.  The 
minimum  detectable  noise  source  ERP  was  10  dBW.  and  the  fre¬ 
quency  resolution  was  10  kHz.  A  portable  ground  station  was 
used  as  a  tracking  beacon  for  ATS  6  and  as  a  system  calibration 
source.  Details  of  the  experiment  are  as  follows: 

Receiver 

5025  to  6425  MHz 

G/T:  +17.0  dB/K  (30- ft  parabola)  or  -17.0  dB/K  (horn)  peak, 
minimum  detectable  ground  source  is  10-dBW  ERP 

Antenna 

30-ft  parabola.  48.4-dB  gain  peak.  0.4-deg  beamwidth.  circular  or 
linear  polarization 

Horn.  16.3-dB  gain  peak.  13-  x  20-deg  beamwidth.  linear  polar¬ 
ization 

ATS  6  had  two  millimeter-wave  experiments.  The  NASA  ex¬ 
periment  used  a  C-band  uplink  and  20-  and  30-GHz  downlinks, 
whereas  the  Communications  Satellite  (Comsat)  Corporation  ex¬ 
periment  used  13-  and  18-GHz  uplinks  and  a  C-band  downlink. 
In  the  NASA  experiment,  the  20-  and  30-GHz  downlinks  could 
have  been  unmodulated,  modulated  by  an  on-board  tone  genera¬ 
tor.  or  modulated  by  a  communication  signal  received  on  the  C- 
band  uplink.  The  continuous-wave  propagation  tests  had  suffi¬ 


cient  power  to  accommodate  fades  as  deep  as  60  dB.  whereas  the 
communication  mode  was  used  w ith  digital  data  rates  up  to  40 
Mbps.  A4-GHz  downlink  was  used  with  the  millimeter-wave 
downlinks  for  comparisons.  The  objectives  of  the  experiment 
were  to  measure  (he  characteristics  of  the  millimeter- wave  links 
and  to  compare  directly  measured  propagation  effects  with  indi¬ 
rect  measurements  such  as  radiometric  sky  temperature,  radar 
backseatter.  and  meteorological  conditions.  Details  of  the  exper¬ 
iment  are  as  follows: 

Configuration 

Propagation  modes:  continuous-wave  or  multitone  downlinks 
Communications  mode:  40-MHz  bandw  idth  repeater 

Transmitter  (propagation  modes) 

20.0  and  30.0  GHz 

Continuous  wave:  2-W  output.  30-dBVV  peak  cRP 

Multitone  (nine  tones):  0.06- W  output/tone.  15-dBW  peak  ERP/ 

tone 

Transmitter  (communications  mode) 

20. 1 5  and  30. 1 5  GHz  and  one  of  3750.  3050.  or  4 1 50  MHz 

20.15  GHz:  2-W  output.  40-dBW  peak  ERP 

30.15  GHz:  2-W  output.  42-dBW  peak  ERP 
C-band:  1 2-W  output.  2K-dBW  peak  ERP 

Receiver  (communications  mode  only) 

One  of  5950.  6150.  or  6350  MHz 

G/T:  13.7  dB/K  (30-lt  parabola).  -17  dB/K  (horn) 


V 


V 


Center  C-band  horn  surrounded  by  4-horn  S-band 
monopulse 

S  S-band  cavity  backed  crossed  dipoles 

L  L-band  cavity  backed  crossed  dipoles 

860  860-MHz  cavity  backed  crossed  dipoles 

V  VHP  (130  to  150  MHz)  dipoles 


Teed  structure  for  the  ATS  6  M)-ft  reflector. 


Antenna 

Propagation  mode:  horn.  27-dB  peak  gain.  5-  x  7-deg  beam- 
width.  linear  polarization 
Com munieat ion  mode : 

20.15  GHz:  1 .5  ft  parabola.  37-dB  gain.  2.4-deg  heamwidth 

30.15  GHz:  1.5-ft  parabola.  39-dB  gain.  1.6-deg  heamw  idth 
C-band  transmit:  horn.  16.5-dBgain.  1 3- x  20-deg  heamw  idth 
C-band  receive:  horn.  16.3-dB  gain.  13-  x  20-deg  heamwidth  or 
30- ft  parabola.  4<3.4-dB  gain.  0.4-deg  heamwidth 

In  the  Comsat  Corporation  millimeter-wave  experiment.  39 
unmodulated  uplinks  were  received  by  ATS  6  and  retransmitted 
to  a  ground  station  on  a  C-band  downlink.  Fifteen  stations  seat- 
tered  throughout  the  eastern  part  of  the  United  States  ( >  1 00  miles 
separation)  eaeh  transmitted  13- and  1 8-GHz  uplinks.  Nine  addi¬ 
tional  stations  transmitting  1 8-GHz  uplinks  were  plaeed  in  groups 
of  three  near(<25  miles  separation)  three  dual-frequency  stations. 
The  experiment  operated  on  a  nearly  continuous  basis  for  about 
one  year.  The  results  are  useful  for  determining  the  required 
weather  margins  for  future  communication  links  using  frequen¬ 
cies  near  13  or  18  GHz.  Data  from  the  three  groups  of  stations, 
with  smaller  separations,  can  be  used  to  determine  attenuation 
correlation  and.  hence,  the  uplink  improvement  possible  w  ith 
space  diversity.  Details  of  the  experiment  are  as  follows: 

Configuration 

Thirty-nine  unmodulated  uplink  carriers  received  and  retransmit¬ 
ted  to  a  control  ground  terminal  in  a  3()-MHz  bandwidth 

Transmitter 

4150  MHz 

0.2-  to  1.3-mW  output  per  carrier 
- 1 3-  to  -2 1  -dBW  ERP  per  carrier 

Receiver 

Fifteen  carriers  near  13.19  GHz  and  24  near  17.79  GHz 
10-dB  noise  figure 

Antenna 

Transmit:  horn.  17-dB  gain 

Receive:  I  -ft  parabola.  26/28-dB  peak  gain  ( 13/18  GHz).  4-  x  8- 
deg  heamwidth.  linear  polarization 

The  communications  equipment  on  ATS  6  included  four  re¬ 
ceivers  (C-.  S-.  L-batid.  and  13/18  GHz),  three  IF  amplifiers,  and 
five  transmitters  (C-.  S-.  L-band.  860  MHz.  and  20/30  GH/).  The 
1 3/1 8-GHz  uplink  was  downcon  verted  to  C-band.  amplified,  and 
routed  to  the  C-band  transmitter.  The  other  uplinks  were  ampli¬ 
fied  and  filtered  before  downcon  version  to  the  150-MHz  interme¬ 
diate  frequency.  Any  receiver  (except  13/18  GHz)  could  have- 
been  connected  to  any  one  of  the  three  identical  IF  amplifiers, 
which  could  have  provided  either  12-  or  40-MHz  handwidths. 
The  IF  outputs  could  have  been  connected  to  any  of  the  transmit¬ 
ters.  The  transmitters  included  upconverters.  driver  amplifiers, 
and  power  amplifiers;  most  of  these  elements  were  redundant. 
The  C-band  and  20/30  GHz  transmitters  used  traveling  wave- 
tubes  (TWTs).  whereas  the  lower-frequency  transmitters  were  all 
transistorized.  The  primary  communication  antenna  was  the  30- ft 
parabola.  In  addition,  the  satellite  had  a  C-band  horn  and  two 
small  parabolas  and  a  horn  for  the  millimeter-wave  experiments. 
The  feed  structure  lor  the  large  reflector  included  36  elements  to 
provide  efficient  performance  for  the  various  frequencies  and 
beam  patterns  used  in  the  communications  experiments.  The  ar¬ 


rangement  of  the  feed  elements  on  the  top  surface  of  the  earth- 
view  ing  module  is  shown. 
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COMMUNICATIONS  TECHNOLOGY  SATELLITE  (CTS) 


The  Communications  Technology  Satellite  (CTS),  formerly 
called  Cooperative  Applications  Satellite  C  (CAS-C).  was  a  joint 
effort  of  the  Canadian  Department  of  Communications  and 
NASA  1 1  - 1 9 1 .  The  main  purpose  of  CTS  was  to  demonstrate  ad¬ 
vanced  spacecraft  techniques  that  were  applicable  to  higher  pow¬ 
er  transmissions  in  the  12-  to  14-GHz  band,  including  a  high 
power  transmitter,  a  lightweight  extendable  solar  array 
with  an  initial  output  above  I  kW.  and  a  three- 
axis  stabilization  system  to  maintain 
accurate  antenna  pointing. 


CTS  satellite. 


Canada  developed  the  satellite.  NASA  provided  the  primary  ex¬ 
periment.  which  was  a  200- W  output.  5 07  efficient  12-GH/ 
TWT.  NASA  also  had  the  responsibility  for  launching  the  satel¬ 
lite.  The  European  Space  Research  Organization  (F.SRO).  now 
known  as  ESA  (European  Space  Agency),  participated  in  the  CTS 
program  by  supplying  one  of  the  TWTs.  a  parametric  amplifier, 
and  some  other  items. 

The  satellite  body  was  roughly  a  cylinder  6  ft  in  height  and  di¬ 
ameter.  which  was  injected  into  a  synchronous  equatorial  orbit  in 
a  spinning  condition.  After  it  was  despuii.  two  51-  x  244-in.  solar 
panels  were  deployed  from  opposite  sides  of  the  body.  The  solar 
panels  rotated  about  their  long  axis  to  track  the  sun  continually. 
The  antennas  were  mounted  on  gimbals  on  the  front  (earth-view¬ 
ing)  end  of  the  body  and  required  no  deployment.  Satellite  details 
are  as  follows: 


Satellite 

Body  72-in.  dia..  74-in.  height  with  two  solar  arrays  51  in.  wide 
and  20  ft.  4  in.  long:  total  satellite  span  52  ft.  9  in. 

738  lb  in  orbit,  beginning  of  life 

Sun  tracking  solar  array  and  NiCd  batteries.  1360  W  initially,  ap¬ 
proximately  930  W  minimum  during  last  year  ( 1979) 

Three-axis  stabilization  using  a  variable  speed  momentum  wheel. 
±0.1  deg  about  pitch  (north-south)  and  roll  (velocity  vector)  axes. 
±1.1  deg  about  yaw  (radial)  axis 

Solid  rocket  motor  for  apogee  maneuver,  hydrazine  thrusters  for 
on-orbit  use 

Configuration 

Two  85-MHz  bandw  idth  single-conversion  repeaters 

Transmitter 

1 1 .843  to  1 1 .928  GHz  and  1 2.038  to  1 2. 1 23  GHz 
Normal  configuration  20- W  TWT  on  low  band  and  200-W  TUT 
on  high  band,  alternately  both  bands  share  the  20- W  TWT  (at  re¬ 
duced  capability) 
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CTS  communication  subsystem. 


Receiver 

14.010  to  14.095  GHz  and  14.205  to  14.290  GHz 
Two  preamplifier  chains  (one  on.  one  standby) 

Noise  temperature: 

Approximately  2000  K  with  tunnel  diode  preamplifier 
Approximately  1350  K  with  parametric  amplifier 
G/T:  6.4  dB/K  on-axis  with  parametric  amplifier 

Antennas 

Two  28-in.  dia.  antennas.  36.2-dB  gain  on  axis  for  transmit  and 
receive.  2.5-deg  beamw  idth.  steerable  over  ±7.25  deg.  linear  po¬ 
larization 

Design  life 

Two  years 


Orbit 

Synchronous  equatorial.  I I6CW  longitude.  ( 142 'W  last  half  of 
1979)  ±0.2°E-W  stationkeepinc.  inclination  <0.8  dee  through 
mid  1979 

Orbital  history 

Launched  17  January  1976 

Delta  2914  launch  vehicle 

In  use  until  turned  off  (November  1979) 

Management 

Developed  by  Canadian  Department  of  Communications 

The  communication  equipment  included  20-  and  200- W 
TWTs.  Two  85-MHz  channels  were  available.  Normally,  one  of 
the  redundant  20- W  TWTs  was  the  power  amplifier  for  one 


Table  I.  CTS  Ground  Terminals. 


ANTENNA 

RECEIVER  TYPE 

MAXIMUM 

FUNCTION 

DIAMETER, 

ft 

PEAK 
GAIN,  dB 

BEAMWIDTH, 

deg 

AND  NOISE 
TEMPERATURE,  K 

GT, 

db/K 

TRANSMITTER 
POWER,  W 

Control  terminal 

Transmit  and  receive  TV  and 
multiplexed  voice  signals 

30 

59 

0.18 

Uncooled 
paramp,  425 

32.9 

1000 

Remote  terminals 

TV  transmission 

10 

50 

0.54 

TDA,  1150 

19.5 

1000 

TV  reception  and  two-way  voice 

8 

48 

0.67 

TDA,  1150 

16.5 

1 

Two-way  voice 

4 

42 

1.3 

Mixer,  2660 

7.8 

1 

Recieve  FM  sound  broadcast 

2  equivalent 

35 

2x4 

Mixer,  2660 

0.8 
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channel  as  well  as  the  low-level  driver  for  the  2(H)- W  TVVT  on  the 
second  channel.  In  a  backup  mode,  the  200- W  TVVT  was  by- 
passed  and  the  output  of  the  20- VY  TVVT  was  div  ided  between  the 
two  channels.  Some  characteristics  of  the  200- W  TVVT.  as  dem¬ 
onstrated  during  the  first  six  months  in  orbit,  were 

•  Construction:  coupled  cavity,  multistage  depressed  collec¬ 
tor.  conduction  cooling. 

•  RF  output  at  saturation:  200- VV  continuous- wave  minimum 
over  the  operating  band.  240- VV  peak.  30-dB  gain.  3-dB 
bandvv  idth  >85  MH/. 

•  Center  frequency:  1 2.080  GH/. 

•  Efficiency:  45r<  at  224- VV  output  (including  power  supply  ). 

The  CTS  had  redundant  receivers,  one  w  ith  a  tunnel  diode 

preamplifier  and  the  other  with  a  parametric  amplifier.  Both  re¬ 
ceiver  chains  were  single  conversion  and  had  a  tunnel  diode  am¬ 
plifier  (TDA)  following  the  mixer.  The  receivers  fed  redundant 
field  effect  transistor  amplifiers  that  provided  the  input  signals  for 
the  TW'Ts.  The  satellite  had  two  narrowbeam  antennas,  one 
directed  toward  a  control  terminal  and  the  other  toward  remote 
terminals.  The  two  channels  were  used  for  two-way  communica¬ 
tions.  The  high-power  TVVT  v.  as  used  for  transmission  to  the  re¬ 
mote  terminals  that  used  relatively  small  antennas. 

Canada.  NASA,  and  other  United  States  Government  agencies 
started  conducting  communication  experiments  w  ith  the  CTS  fol¬ 
lowing  its  launch  on  14  January  1976.  Canada  had  its  control  ter¬ 
minal  at  Ottawa  and  remote  terminals  in  the  north.  The  capability 
of  the  CTS  allow  ed  the  remote  terminals  to  be  relativ  ely  small,  as 
indicated  by  the  characteristics  given  in  Table  I.  The  CTS  could 
support  several  simultaneous  links  with  these  terminals.  For  ex¬ 
ample.  the  8-ft  terminal  noted  in  Table  I  could  receiv  e  a  telev  ision 
signal  transmitted  w  ith  only  a  quarter  of  the  total  CTS  pow  er.  In 
May  1976.  the  CTS  was  renamed  Hermes  in  Canada.  By  mid- 
1978.  thirty-two  experimental  programs  had  been  completed  or 
were  in  progress  and  seven  more  were  planned.  These  experi¬ 
ments  were  in  the  fields  of  propagation,  communications  engi¬ 
neering.  television  broadcasting,  education,  medicine, 
government,  and  community  affairs.  The  operational  viability  of 
many  of  these  projects  was  studied  further  using  the  12-  and  14- 
GH/  channels  on  Anik  B.  CTS  was  used  until  November  1979.  at 
which  time  it  was  turned  off. 
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SIRIO 
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The  Italian  industrial  research  satellite  (Sirio)  1 1  - 1 2 1  was  de¬ 
veloped  for  use  in  propagation  and  communication  experiments 
at  1 1.6  and  17.4  GH/.  These  frequencies  were  selected  prior  to 
the  1971  World  Administrative  Radio  Conference  and,  therefore, 
do  not  exactly  coincide  with  the  satellite  communication  frequen¬ 
cy  hands  defined  at  the  conference.  A  large  part  of  the  Italian 
aerospace  industry  participated  in  construction  of  the  satellite  un¬ 
der  direction  of  the  Italian  National  Research  Council  (CNR). 
Three  ground  stations  in  Italy  plus  stations  in  other  European 


dow  nlink  carrier  amplitude  was  controlled  to  prov  ide  a  reference 
level.  This  combination  of  uplinks  and  downlinks  allowed  all 
measurements  to  he  performed  on  the  ground.  The  measurements 
made  were  absolute  attenuation  at  1 1.6  and  17.4  GH/,  and  rela¬ 
tive  attenuation  and  phase  delay  over  frequency  interv  als  of  772 
MHz  and  532  MHz.  In  addition,  multiple  ground  receivers  were 
used  to  measure  space  diversity  improvement.  Space  diversity  on 
the  uplink  was  achieved  by  having  two  sidetones  transmitted 
from  different  locations. 

In  the  narrowband  communication  mode,  as  many  as  12  bi¬ 
phase  modulated  carriers  were  transmitted  to  the  satellite  by  fre¬ 
quency  div  ision  multiplexing.  The  data  rate  on  each  carrier  was 
70  kbps,  and  the  satellite  bandwidth  was  2.5  MHz.  In  the  satel¬ 
lite.  the  combined  signal  was  amplified  at  IF  and  then  used  to 
modulate  the  downlink  carrier.  The  wideband  communication 
mode  was  similar,  except  that  the  satellite  bandwidth  was  35 
MHz.  The  uplink  transmission  was  a  single  television  channel  or 
high  rate  digital  data. 

The  satellite  was  operated  in  any  one  of  the  three  modes.  The 
satellite  equipment  was  common  for  all  the  modes  except  for  por¬ 
tions  of  the  IF  section.  The  transmitter  output  power  was  10  W 
from  either  of  two  TWTs.  The  equipment  details  are  as  follow  s: 

Satellite 

Cylinder.  56-in.  dia..  34-in.  height  (78  in.  overall) 

480  lb  in  orbit,  beginning  of  life 

Solar  cells.  135  W  beginning  of  life.  100  W  minimum  after  two 
years 

Spin-stabilized.  90  rpm 

Solid  rocket  motor  for  apogee  maneuver,  hydrazine  thrusters  for 
on-orbit  use 

Configuration 

Communication  experiment:  2.5-MHz  bandwidth  repeater  with 
as  many  as  twelve  70-kbps  carriers,  or  35-MHz  bandw  idth  re¬ 
peater  w  ith  one  TV  channel 

Propagation  experiment:  40-kHz  bandwidth  repeater 


countries  participated  in  the  Sirio  experiments. 

The  satellite  had  a  cylindrical, 
spin-stabilized  body  w  ith  a  despun  an¬ 
tenna  on  one  end.  All  the  equipment 
was  mounted  on  an  internal  platform. 

The  payload  was  primarily  for  support 
of  the  three  primary  experiments: 
propagation,  narrowband  communica¬ 
tions.  and  wideband  communica¬ 
tions.  Secondary  experiments  were 
for  measurements  of  the  natural  envi¬ 
ronment  at  synchronous  altitude. 

In  the  propagation  experiment,  the 
17.4-GHz  uplink  was  amplitude-mod¬ 
ulated  at  386  MHz  to  produce  two 
sidetones  772  MHz  apart.  In  the  satel¬ 
lite.  they  were  converted  to  about  386 
MHz  with  a  separation  of  20  kHz.  and 
a  calibrated  reference  signal  was  in¬ 
serted  between  them.  This  combined 
signal  was  further  converted  to  266 
MHz  and  used  to  amplitude-modulate 
the  1 1 ,6-GHz  downlink  carrier.  The 


Communication 


Sirio  communication  subsystem. 
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Received 

uplink 


-386.56  -  292.4 


17395 


+  386.56 


-►  MHz 


Local 

oscillator 


17395 
I 


-0.0 


-*■  MHz 


Propagation 

IF 


P,  R  P2 
386.56 


-0.01 


+  0.01 


-#•  MHz 


Transmitted 

downlink 


P„  P2  Propagation  tones 

R  Reference  level  tone  injected  in  satellite  IF 

C  Communication  signal 

Filter  removes  upper  communication  sideband 
P  and  C  are  never  simultaneous 


Transmitter 

11.597  GHz 

10-W  output  TWT  (one  on,  one  standby) 

ERP:  propagation  mode.  16  dBW;  narrow- 
band  communication,  24  dBW;  wideband 
communication.  26  dBW;  all  at  edge  of  cov¬ 
erage  (all  5  dB  higher  in  central  I  deg  of 
beam ) 

Receiver 

17.395  GHz 

G/T:  -16  dB/K  (-10  dB/K  over  central  3  x  5 
deg  of  beam) 

Antenna 

Fixed  feed  horn  with  mechanically  despun  re¬ 
flector,  >22.5/23.5-dB  gain  on  axis  ( 1 1 .6/1 7.4 
GHz),  6-  x  10-deg  beamwidth  (6  deg  is  north- 
south  beamwidth),  beam  center  6.5  deg  above 
equatorial  plane,  steerable  3.5°W  to  4.5°E  of 
satellite  nadir,  circular  polarization 

Design  life 

Two  years 

Orbit 

Synchronous  equatorial.  I5°W  longitude,  lat¬ 
er  moved  to  12°E  longitude;  moved  to  65°E 
in  early  1983 

Orbital  history 

Launched  25  August  1977,  in  use  until  1985 
Delta  2313  launch  vehicle 

Management 

Developed  by  Italian  aerospace  industry  for 
CNR  (Consiglio  Nazionale  della  Richerche) 

The  Sirio  experiment  was  defined  in  1968 
and  was  originally  scheduled  to  be  launched 
in  1972.  A  number  of  delays  occurred  as  the 
result  of  technical,  political,  and  financial  reasons.  The  satellite 
was  launched  25  August  1977  and  used  in  a  variety  of  experi¬ 
ments.  In  1983.  it  was  moved  to  a  position  over  the  Indian  Ocean 
for  cooperative  Chinese-Italian  experiments,  which  lasted  until 
October  1984.  Sirio  was  turned  off  in  1985. 

The  Sirio  2  satellite  was  an  ESA  program.  The  satellite  was 
primarily  constructed  with  hardware  left  over  from  the  basic  Sirio 
program,  but  the  payloads  were  different.  Sirio  2  had  an  S-band 
transponder  for  distribution  of  meteorological  data  between 
ground  sites,  and  a  detector  and  retrorefleclor  for  a  laser  clock 
synchronization  experiment. 

The  Sirio  2  program  started  in  1978.  The  satellite  was 
launched  together  with  a  Marecs  satellite  on  an  Ariane  launch  ve¬ 
hicle  in  September  1982.  A  failure  in  the  Ariane  third  stage  re¬ 
sulted  in  the  loss  of  both  satellites. 
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LINCOLN  EXPERIMENTAL  SATELLITES  (LES)-8  and  -9 


LES-8  and  -9  ( 1  -7 1  are  the  latest  in  a  series  of  experimental 
military  communication  satellites  developed  by  the  Mi  l  Lincoln 
Laboratory.  They  are  operating  with  a  variety  of  fixed  and  mobile 
terminals  w  ith  the  use  of  both  UHF  and  K-band  (36  to  38  GHz) 
for  uplinks  and  downlinks.  A  K-band  crosslink  between  LES-8 


LES- 9  satellite 


and  LF.S-9  is  a  significant  part  of  the  program.  The  communica¬ 
tions  electronics  are  all  solid  state.  Two  K-band  receivers  and 
transmitters  are  on  each  satellite,  one  used  with  a  horn  antenna 
and  the  other  with  an  18-in.  parabolic  reflector.  The  paraboloid 
works  with  a  steerable  flat  plate  and  a  five-horn  feed  to  provide  a 
narrovvbeam  tracking  antenna.  This  antenna  is  normally  used  for 
crosslink  communications  but  can  also  be  used  for  uplink/down¬ 
link  traffic.  The  satellites  can  acquire  the  crosslink  w  ith  initial 
pointing  uncertainties  greater  than  ±1  deg  and  maintain  tracking 
to  better  than  0. 1  deg  at  typical  signal  levels.  The  horn  antenna  is 
fixed  and  is  used  only  for  uplinks  and  dow  nlinks.  The  K-band 
transmitters  use  parallel  Impatt  diode  amplifiers  to  produce  an 
output  power  of  0.5  W.  The  crosslink  bit  rate  is  either  10  or  100 
kbps,  using  phase  shift  keying  (PSK)  modulation.  The  K-band 
uplinks  use  both  eight-tone  FSK  and  differential  quadriphase 
shift  keying  (DQPSK):  the  K-band  downlinks  use  DPSK.  All 
UHF  transmissions  use  eight-tone  FSK.  For  transmissions  in¬ 
volving  UHF  links,  which  are  primarily  for  relatively  simple  mo¬ 
bile  terminals,  the  basic  data  rate  is  75  bps.  The  K-band  links  can 
handle  selected  information  rates  up  to  19.2(H)  bps.  which  is  ade¬ 
quate  for  computer  data  or  digitized  voice.  Except  for  an  optional 
UHF  frequency  translation  mode  with  a  bandwidth  of  500  kHz. 
all  received  uplinks  arc  translated  to  intermediate  frequencies  and 


then  demodulated.  All  signal 
routing  is  controlled  by  sw  itches 
set  by  commands  from  the 
ground.  The  basic  routings  avail¬ 
able  are  shown  in  the  block  dia¬ 
gram. 

LES-8  and  -9  are  practically 
identical.  Most  of  fl-  electronic 
subsystems  are  contained  in  the 
satellite  body,  which  is  46  in.  long 
and  about  44  in.  across.  The  two 
radioisotope  thermoelectric  gen¬ 
erators  (RTGs)  are  mounted  one 
upon  the  other  on  the  back  end  of 
the  satellite  body  These  RTGs 
prov  ide  all  the  electrical  power 
used  by  the  satellite;  no  solar  cells 
are  used.  The  UHF  antenna  is 
also  attached  to  the  back  end  of 
the  satellite  body.  The  K-band 
antennas  and  some  electronics, 
plus  earth  sensors,  are  mounted 
on  the  front  end.  The  overall 
length  of  the  satellite  is  about 
10  ft.  The  satellite  is  three-axis- 
stabilized  by  a  gimhaled  momen¬ 
tum  wheel  and  ten  gas  thrusters.  The  satellite  details  are  as  fol¬ 
lows: 

Satellite 

Approximately  10  ft  long 

LES-9.  948  lb  in  orbit,  beginning  of  life 

LES-8.  similar  to  LES-9 

Two  RTGs.  152  Wench  initially.  130  W each  after  five  years  tde- 
sign  goal  was  145/125  W) 

Three-axis  stabilization  using  a  gimballed  momentum  wheel. 
±0.1  deg  about  pitch  and  roll  axes.  +0.6  deg  about  yaw  axis 
Cold  gas  propulsion  for  on-orbit  use 

Transmitter 

UHF:  240-  to  400-MHz  band.  32  W  or  8-W  output.  ERP  25 
dBW  (high  power  mode)  or  18  dBW  (low  power  mode) 

K-band:  36-  to  38-GHz  band:  0.5-W  output.  2 1 -dBW  ERP 
(horn):  0.5-W  output.  39-dBW  ERP  (dish) 

Receiver 

UHF:  240-  to  400-MHz  band,  svstem  noise  temperature  approx¬ 
imately  1000  K.  G/T  -20  dB/K 


LES-X  and  -9  were  launched  togeth¬ 
er  on  a  Titan  1 1 1C  booster  on  14  March 
1976.  The  lirst  tests  showed  that  all 
important  communications  parameter 
values  were  in  good  agreement  with 
the  prelaunch  measurements.  Since 
then,  the  satellites  have  been  exercised 
in  a  variety  of  modes,  both  for  detailed 
performance  measurements  and  for 
functionally  oriented  demonstrations  to 
prove  the  operability  of  the  various 
links.  These  tests  have  involved 
ground  and  mobile  terminals  devel¬ 
oped  by  Lincoln  Laboratory,  the  Air 
Force,  and  the  Navy.  The  test  results 
have  all  been  satisfactory  and  have 
show  n  that  the  LES-8  and  -9  communi¬ 
cations  features  are  operationally  use¬ 
ful.  The  satellites  were  still  in  good 
condition  and  being  used  in  19X9. 

%  %  % 

1.  A.  R.  Dion.  "Satellite  Crosslink  K- 
Band  Antenna."  NEREM  72 
Record. 


K-band:  36-  to  3X-GH/  band,  system  noise  temperature  1400  K. 
G/T  >-X  dB/K  (horn).  >10  dB/K  (dish) 

Antenna 

UHF:  three  crossed  dipoles  on  a  ground  plane.  35-deg  beam- 
width.  approximately  X-dB  gain  (edge  of  earth) 

K-band:  horn.  10-deg  beamwidth.  24-dB  gain  (on  axis):  dish. 
IX-in.  paraboloid.  1.15-deg  beamwidth.  42.6-dB  gain  (on  axis), 
steerable  ±10  deg  in  elev  ation  and  104  deg  in  azimuth  by  gim- 
baled  Hat  plate 

Orbit 

Synchronous.  25-deg  inclination.  4(EW  and  I  III  W  longitude, 
later  collocated  near  !06°W  longitude 

Orbital  history 

Launched  14  March  1976 
Titan  1 1 1C  launch  v  ehicle 
In  use  ( 19X9) 

Management 

Developed  by  MIT  Lincoln  Laboratory 
Operated  by  MIT  Lincoln  Laboratory 
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JAPANESE  EXPERIMENTAL  COMMUNICATIONS  SATELLITE  (JECS) 


Although  Japan  had  built  and  launched  several  low-altitude 
satellites,  their  first  communications  and  broadcasting  satellites 
were  built  in  the  United  States  and  launched  by  NASA.  At  the 
same  time.  Japan  was  developing  smaller  synchronous  orbit  satel¬ 
lites  and  a  launch  vehicle  for  them.  The  launch  vehicle  was  the  N 
rocket,  which  was  based  on  the  1970  design  of  the  United  States 
Thor-Della.  An  improved  version,  the  N-2.  was  based  on  the  mid- 
1970s  Delta.  The  lirst  sy  nchronous  orbit  mission  for  this  launcher 
was  the  Engineering  Test  Satellite-ll  (ETS-II).  the  direct  prede¬ 
cessor  of  the  Japanese  Experimental  Communication  Satellite 


(JECS)  that  was  also  launched  by  the  N  rocket  1 1 -4 1.  The  objec¬ 
tives  of  the  JECS  program  were  to  develop  techniques  for  launch 
and  on-orbit  control  of  synchronous  satellites,  propagation  mea¬ 
surements.  and  communications  experiments. 

Both  ETS-II  and  JECS  were  based  on  the  Skynet  I  design,  be¬ 
cause  the  Skynet  was  sized  to  the  Delta  launch  vehicle  from 
which  the  N  rocket  was  developed:  all  three  satellites  were  built 
by  the  same  manufacturer.  Like  Skynet  and  ETS-II.  JECS  was 
spin-stabilized  w  ith  a  mechanically  despun  antenna.  The  solar  ar¬ 
ray  was  mounted  around  the  outside  of  the  spinning  body .  and 


Receiver 

C‘-hund:  6.305-GHz  center  frequency,  tunnel  diode  preamplilier. 
- 1 2  dB/K  G/T 

K-hand:  34.83-GHz  center  frequency,  mixer  followed  by  transis¬ 
tor  amplifier,  -5  dB/K  (J/T 

Antennas 

C'-hand:  narrowbeam  parabola.  22-in.  dia..  measured  minimum 
gain  with  rotary  joint  loss  20.5/23.6  dB  (transmil/receive),  beam- 
width  approximately  0/6.5  deg 

Array  composed  of  128  cavity-backed  crossed  dipoles  mounted 
in  a  band  around  the  satellite  body,  pattern  nearly  uniform  in  ar¬ 
ray  plane  and  ±45  deg  from  the  plane 

K-band:  narrowbeam  parabola.  12-in.  dia..  measured  minimum 
gain  w  ith  rotary  joint  loss  34.7/34.9  dB  ( transmit/receive  I.  beam- 
width  approximately  2.5  deg 
All  antennas  use  circular  polarization 
The  two  narrowbeam  antennas  are  despun  together 

Design  life 

Approximately  1 .5  years 

Orbit 

,  ,  Synchronous  equatorial.  1 45'E  longitude  planned,  both  satellites 

Japanese  Communication  Satellite.  - 

'  actually  are  drifting  in  near  sy  nchronous  elliptical  orbit 

other  subsystems  were  attached  inside  the  spinning  body  on  both  Orbital  history 

sides  of  an  equipment  platform.  The  despun  .eetion  had  two  par-  A:  launched  6  February  1979.  destroyed  by  collision  w  ith  launch 

abolic  antennas  w  hose  beamwidth  was  sized  to  cover  Japan  while  vehicle  third  stage  during  apogee  motor  firing 

minimizing  radiation  on  adjacent  nations.  The  larger  antenna  was  B;  )aunched  22  February  1980.  destroyed  bv  apocee  motor  failure 

for  C-band  .4  and  6  GHz  ).  and  the  smaller  was  for  K-band  ( 3 1  j  esc  N  launch  vehidc 

and  34  GHz).  There  was  also  a  1 28-element  C  -band  array  mount¬ 
ed  around  the  top  end  of  the  satellite  body,  which  provided  nearly  Management 

omnidirectional  coverage.  The  C-band  equipment  could  be  Developed  by  Mitsubishi  (prime).  Ford  Aerospace  and  Commu- 

sw itched  between  the  two  C-band  antennas,  technical  details  of  nications  Corporation  (spacecraft  and  antennas),  and  Nippon 

the  satellite  are  as  follows: 

Satellite 

Cylinder.  55.7-in.  dia.,  37-in.  height 
(64.8  in.  overall) 

Approximately  290  lb  in  orbit,  begin¬ 
ning  of  life 

Solar  cells  and  NiCd  batteries.  1 18  W 
maximum  at  beginning  of  life.  99  W 
minimum  after  one  year 
Spin-stabilized.  80  to  1 1 5  rpm 

Configuration 

Single  transponder  with  selectable 
bandw  idth  of  10.  40.  or  120  MHz.  input 
and  output  independently  switchable  to 
either  C-band  or  K-hand 

Transmitter 

C-band:  4  08-GHz  center  frequency, 
redundant  5-W  TWTs  (one  on.  one 
standby).  23-dBW  HRP 
K-band:  31.65-GHz  center  frequency, 
single  2. 5-W  TWT.  34-dBW  HRP 


Electric  Company  ( transponder)  for  National  Space  Development 
Agency  of  Japan 

The  communication  subsystem  of  the  JECS  had  live  basic  sec¬ 
tions:  C-  and  K-band  receivers  (left  side  of  the  figure),  an  inter¬ 
mediate  frequency  section  (middle),  and  C-  and  K-band 
transmitters  (right  side).  The  IF  section  handled  only  one  signal 
at  a  time.  By  ground  commands,  either  transmitter  and  either  re¬ 
ceiver  could  be  connected  to  the  IF  section,  giving  a  total  of  four 
possible  configurations.  The  bandwidth  of  the  IF  section  could  be 
switched  to  It).  40.  or  120  N1H/.  The  10-MHz  option  was  intend¬ 
ed  for  range  and  range  rate  measurements  and  the  wider  band- 
widths  for  the  communications  experiments. 

JECS  was  launched  in  early  February  1070  but  was  destroyed 
during  apogee  motor  tiring,  apparently  due  to  a  collision  with  the 
launch  vehicle  third  stage.  The  spare  JECS  was  launched  a  year 
later  and  was  destroyed  by  a  failure  of  the  apogee  motor. 
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ENGINEERING  TEST  SATELLITE  (ETS)-V 


The  Japanese  national  space  program  has  used  Engineering 
Test  Satellites  (ETS)  as  a  means  of  proving  basic  equipment  and 
techniques  for  satellites,  launch  vehicles,  and  satellite  control  and 
operations.  ETS-V  1 1-1 1 1  is  the  first  of  this  series  to  incorporate 
a  communications  payload.  The  ETS-V  satellite  has  four  objec¬ 
tives: 

•  To  serve  as  a  test  payload  for  the  Japanese  H-l  launch  vehi¬ 
cle  and  high-energy  upper  stage. 

•  To  establish  three-axis  stabilization  technology  for  synchro¬ 
nous  orbit  satellites. 

•  To  be  used  in  experiments  in  maritime  communications  with 
Japanese  fishing  vessels. 

•  To  be  used  in  experiments  in  aeronautical  communi¬ 
cation  and  navigation  and  air  traffic  control. 


The  communications  pay  load  of  ETS-V.  which  was  used  in  satis¬ 
fying  the  third  and  fourth  objectives,  is  called  the  Aeronautical 
Maritime  Experiment  Transponder.  It  is  the  space  segment  of  the 
Experimental  Mobile  Satellite  System. 

The  ETS-V  satellite  body,  the  solar  arrays,  and  the  antennas 
are  shown.  ETS-V  is  the  first  Japanese-built  three-axis-stabilized 
satellite  and  serves  as  a  test  of  the  stabilization  subsystem  as  well 


ETS-V  satellite. 
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as  of  the  deployable,  sun-tracking  solar  arrays.  It  is  the  first  com¬ 
munication  satellite  of  any  nation  to  use  GaAs  solar  cells,  which 
are  being  produced  in  Japan.  The  satellite  stabilization  accuracy 
is  equal  to  the  state  of  the  art  achieved  by  other  nations.  The  sat¬ 
ellite  and  payload  details  are  as  follows: 

Satellite 

Rectangular  body  about  55  x  65  x  69  in..  137-in.  height  to  top  of 
antenna.  32  ft  across  tips  of  deployed  solar  arrays 
Approximately  1 160  lb  in  orbit,  end  of  life 
Solar  cells  and  NiCd  batteries.  1067  W  maximum,  beginning  of 
life:  820  W  minimum,  end  of  life 
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ETS-  V  communication  subsystem. 


Three-axis  stabilized.  ±0.08  deg  3o  (pitch  and  roll).  ±0.45  deg  3o 
(yaw ) 

Configuration 

C'/L-hand  for  fixed  to  mobile  terminals.  3-MHz  bandwidth 
L/C-hand  for  mobiles  to  fixed.  3-MHz  bandwidth 
C/C-band  for  fixed  to  fixed.  3-MH/  bandwidth 
L/l.-hand  for  mobiles  to  mobiles.  300-kHz  bandwidth 

Transmitter 

1.:  1540.5  to  1543.5  MHz  and  1545  to  1548  MHz 

Two  25- W  FET  amplifiers 

35.5-dBW  per  channel  ERPon  axis 

C.  5218.75  to  5241.25  MHz 

Two  8-W  EET  amplifiers 

25-dBW  ERPon  axis 

Receiver 

E:  1642.5  to  1645.5  MHz  and  1647  to  1650  MHz. 

F  E  T  preamps.  1 ,65-dB  noise  figure 
-4  dB/K  minimum  G/T  on  axis 
C.  5948.75  to  5971.25  MHz 
FET  preamps.  2. 1  -dB  noise  figure 
-8  dB/K  G/T  on  axis 

Antennas 

I.:  one  59-in.  dia.  parabolic  reflector,  offset  fed  by  two  helices  to 
produce  two  beams,  each  with  approximately  9-deg  beamwidth 
and  25  dB  on  axis  gain,  circular  polarization 
C:  one  earth  coverage  horn  with  approximately  20  dB  on  axis 
gain,  circular  polarization 

Design  life 

Five  years  ( 1 . 5-year  fuel  load  planned) 


Orbit 

Synchronous  equatorial.  150°E  longitude,  .stationkeeping  to 
±0. 1  °N-S  and  E-W 

Orbital  history 

Launched  27  August  1987.  still  operating  in  1990 
Japanese  H-l  launch  vehicle 

Management 

Developed  by  Mitsubishi  Electric  Company  (prime  contractor) 
and  NEC  (communication  subsystem)  for  NASDA.  Ministry  of 
Posts  and  Telecommunications,  and  Ministry  of  Transport 
Operated  by  NASDA 

The  payload  uses  C-band  to  communicate  with  fixed  ground 
terminals  in  Japan  and  L-band  to  communicate  with  mobile  ter¬ 
minals.  i.e..  ships  and  airplanes.  Both  antennas  as  well  as  an  S- 
band  telemetry  and  command  antenna  can  be  seen  in  the  satellite 
figure.  The  L-band  antenna  generates  two  independent  beams, 
which  provide  coverage  of  all  Asian  coastal  waters  and  seas  and 
about  half  of  the  Pacific  Ocean.  The  two  beams  provide  higher 
gain  than  a  single  beam  with  broader  coverage:  this  gain  is  neces¬ 
sary  to  limit  the  antenna  size  required  on  the  mobiles. 

Because  ETS-V  is  a  test  satellite,  rather  than  an  operational 
one.  the  communication  subsystem  has  only  partial  redundancy. 
There  are  four  paths  through  the  subsystem,  for  communication 
between  fixed  terminals  (C'-band  recciver/C-band  transmit),  from 
fixed  to  mobile  terminals  (C/L-band).  from  mobile  to  fixed  termi¬ 
nals  (L/C-band).  and  between  mobile  terminals  (L/L-band).  The 
path  is  determined  by  the  uplink  frequency,  which  causes  the  IF 
filter  network  to  route  the  signal  to  the  proper  downlink.  The  IF 
filters  are  constructed  w  ith  surface  acoustic  wave  devices. 

The  ETS-V  satellite  development  began  in  1983.  The  satellite 
was  launched  in  1987.  Initial  testing  showed  that  the  satellite  and 
the  payload  were  operating  properly.  The  primary  mobile  com¬ 
munications  experiments  were  conducted  between  earth  stations 
in  Japan  and  a  ship  and  a  747  aircraft.  Signal  quality  was  mea- 
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sured  in  many  conditions,  and  fading  countermeasures  were  test¬ 
ed.  Landmobile  communications  were  conducted  with  vehicles 
and  trains:  three  modulation  formats  were  tried. 

Follow  ing  the  basic  mobile  communications  experiments,  sev¬ 
eral  supplementary  experiments  have  been  started.  One  is  a  posi¬ 
tion  location  test  using  signals  from  a  mobile  station  transmitted 
through  both  ETS-V  and  the  Pacific  Inmarsat.  In  another  experi¬ 
ment.  nongovernment  organizations  used  the  satellite  for  mobile 
communications  demonstrations.  In  addition.  Aussat  conducted 
landmobile  experiments  through  the  southern  L-band  antenna 
beam.  The  experience  gained  through  the  ETS-V  experiments 
will  be  applied  in  the  future  design  of  an  operational  mobile  com¬ 
munications  satellite  system. 
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ENGINEERING  TEST  SATELLITE  (ETS)-VI 


ETS-VI  1 1  - 1 9 1  is  the  largest  in  a  series  of  Experimental  Test 
Satellites  developed  and  launched  by  Japan.  The  project  has 
three  broad  objectives.  One  is  spacecraft  technology:  to  develop 
and  operate  a  three-axis-stabilized  satellite  weighing  over  4000 
lb.  Another  is  to  verify  the  capability  of  the  Japanese  H-II  launch 
vehicle  by  launching  ETS-VI  on  the  second  flight  of  the  H-II  se¬ 
ries.  A  third  is  to  build,  and  demonstrate  in  orbit,  several  commu¬ 
nications  payloads  incorporating  new  technologies  appropriate  to 
future  operational  missions. 

The  development  aspect  of  the  spacecraft  technology  objec¬ 
tive  is  carried  out  both  by  the  basic  design  features  of  ETS-VI  and 
by  several  experiments.  The  spacecraft  body  is  a  rectangular  box. 
with  solar  arrays,  two  large  antenna  reflectors,  and  one  smaller 
antenna  compartment  which  deploy  from  it  in  orbit.  The  struc¬ 
ture  is  made  of  composite  materials.  A  bipropellant  system  is 
used  for  the  apogee  maneuver  and  in-orbit  control,  augmented  by 
ion  thrusters  for  north-south  stationkeeping.  A  nickel-cadium 
battery  is  the  primary  power  storage,  but  ETS-VI  also  has  a  nick¬ 
el-hydrogen  battery.  The  latter  is  new  for  Japan,  although  com¬ 
mon  in  other  satellites:  whereas  the  ion  thrusters  are  a  new 
technology  for  a  ten-year  life  satellite.  Other  aspects  of  the  ETS- 
VI  attitude  control  and  power  use  techniques  are  new  to  Japan.  In 
addition,  the  satellite  carries  a  variety  of  sensors  to  measure  the 
launch  environment  and  the  internal  and  external  environments  in 
orbit. 

ETS-VI  has  six  communications  payloads.  The  largest  is  the 
fixed  commnications  payload,  which  will  demonstrate  high-ca¬ 
pacity  services  between  lixed-site  ground  terminals.  The  primary 
frequency  bands  are  20  and  30  GHz.  Each  is  associated  with  one 
of  the  large  reflectors,  which  form  very  narrow  beams.  Twelve  of 


these  beams  are  required  to  cover  the  main  island  of  Japan.  To  re¬ 
duce  the  payload  weight  in  order  to  accommodate  other  payloads, 
only  four  beams  are  used.  Two  of  these  point  at  Tokyo  and  Osa¬ 
ka.  which  are  the  largest  metropolitan  areas;  the  same  frequencies 
are  used  independently  in  both  beams.  This  frequency  reuse,  in 
addition  to  dual  polarization  frequency  reuse,  will  demonstrate 
the  techniques  necessary  for  a  very  high  capacity  commnications 
satellite.  Being  an  experiment,  this  payload  does  not  have  as 
many  20/30  GHz  transponders  as  the  spectrum  can  support. 
However,  it  also  has  one  transponder  using  the  4-  and  6-GHz 
bunds.  This  transponder  shares  the  30-GHz  reflector  and  has  one 
beam  that  covers  most  of  Japan.  Its  purpose  is  to  be  an  alternate 
to  any  of  the  20-  and  30-GHz  transponders  and  beams,  if  the  traf¬ 
fic  exceeds  their  capacity  or  if  they  are  temporarily  unavailable 
due  to  attenuation  cause  by  heavy  rain. 

The  mobile  communications  payload  shares  the  20-GHz  re¬ 
flector  and  has  five  beams  which  cover  all  of  Japan  plus  the  ocean 
areas  to  200  miles  offshore.  The  main  demonstration  w  ith  this 
payload  will  be  communications  between  small  fishing  vessels 
and  shore  stations.  The  one  transmitter  of  this  payload  amplifies 
the  signals  for  all  five  beams,  dividing  its  power  automatically  in 
proportion  to  the  number  of  signals  in  each  beam.  This  feature  is 
important,  because  the  traffic  patterns  for  mobile  terminals  are 
variable. 

The  fixed  and  mobile  communications  payloads  are  connected 
through  an  IF  switch.  This  allow  s  signals  from  any  of  the  10  up¬ 
link  beams  to  be  routed  to  any  of  the  It)  downlink  beams.  The 
switch  is  fast  enough  to  route  individual  time  division  multiple 
access  (TDMA)  bursts  to  different  beams.  Within  the  fixed  com¬ 
munications  payload,  (he  TDMA  rate  will  be  as  high  as  200 
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of  the  applications  postulated  for  the  small  earth  terminals  do  not 
require  continuous  communications  and  are  able  to  tolerate  out¬ 
ages  during  storms.  The  millimeter  wave  payload  is  small — a  16- 
in.  antenna  and  a  weight  of  22  lb.  It  is  mounted  on  the  same  plat¬ 
form  as  the  Ka-band  intersatellite  payload.  A  single  pointing 
mechanism  steers  the  platform  and  will  provide  the  antenna 
pointing  control  for  both  payloads.  These  payloads  are  mounted 
on  the  side  of  the  antenna  tower  opposite  the  S-band  phased  array. 
The  millimeter  wave  payload  is  also  connected  to  the  20/30-GHz 
feeder  links  for  communications  with  the  primary  experiment 
ground  terminals. 

ETS-V1  also  has  an  optical  communications  payload.  The  aim 
of  this  payload  is  to  demonstrate  technology  for  an  intersatellite 
link,  but  it  will  be  tested  only  with  a  ground  terminal.  The  pay- 
load  has  a  3-in.  diameter  telescope;  the  ground  telescope  diameter 
is  60  in.  The  uplink  will  use  an  argon  laser,  the  downlink  a 
GaAIAs  diode  laser.  The  data  rate  will  be  1  Mbps.  The  payload 
uses  a  two-stage  control  loop.  A  charge-coupled  device  array  de¬ 
tector  provides  coarse  pointing  information  to  the  outer  loop, 
which  controls  a  gimballed  fiat  mirror.  A  quandrant  detector  pro¬ 
vides  tine  pointing  information  to  an  inner  loop,  which  controls 
the  fine  pointing  mechanism.  Pointing  accuracy  while  autotrack¬ 
ing  the  uplink  is  expected  to  be  2  prad  (one  ten-thousandth  of  a 
degree). 

Development  of  ETS-VI  began  in  1987.  Structural  and  ther¬ 
mal  tests  of  satellite  engineering  models  were  conducted  in  1989 
and  1990.  Launch  is  planned  for  1993.  Additional  details  are  as 
follows: 

Satellite 


Unified  liquid  bipropellant  propulsion  for  apogee  maneuver  and 
on-orbit  use,  plus  ion  propulsion  for  north-south  stationkeeping 

Configuration 

Fixed  communications  payload  (FC):  multiple  200-MHz  band¬ 
width  transponders  at  C-band  (4/6  GHz)  and  Ka-band  ( 18/30 
GHz.)  connecting  multiple  beams  through  an  IF  switch,  dual-po¬ 
larization  and  dual-beam  frequency  reuse 
Mobile  communciations  payload  (MC);  five  beams  connected 
through  a  single  5-MHz  bandwidth  S-band  (2. 5/2. 6  GHz)  trans¬ 
ponder 

S-band  Intersatellite  Link  payload  (S-ISL):  one  forward  transpon¬ 
der  with  5-MHz  bandwidth,  one  return  transponder  with  5-MHz 
bandwidth 

Ka-band  Intersatellite  Link  payload  (K-ISL):  one  forward  tran¬ 
sponder  and  one  return  transponder 

Millimeter  Wave  payload  (MMW);  one  forward  transponder  and 
one  return  transponder 

Optical  payload  (Opt):  duplex  communications.  1  Mbps  data  rate 
S-ISL.  K-ISL.  and  MMW  are  each  connected  with  30-GHz  (up¬ 
link)  and  20-GHz.  (downlink)  feeder  links  through  a  2-GHz  IF 
switch  network;  the  two  transponders  within  each  of  these  pay- 
loads  can  be  connected  to  each  other  as  an  alternative  to  the  feed¬ 
er  link  connections 

Transmitter 

FC:  3.82  GHz  (H  polarization).  4.08  GHz  (H).  17.885  GHz  (V 
andH).  1 8.365  GHz  (V) 

7-W  SSPAs  at  4  GHz 


Rectangular  body  6.6  x  9.8  x  9.2  ft.  KM)  ft  across  the  deployed  so¬ 
lar  arrays,  26-ft  height  of  body  plus  antenna  tower 
4400  lb  in  orbit,  beginning  of  life 

Sun-tracking  solar  arrays.  NiCd  battery  (operations),  NiHi  bat¬ 
tery  (test),  approximately  4500  W  beginning  of  life.  4100  W  min¬ 
imum  end  of  life 


Three-axis-stabilized.  ±0.()5-deg  accuracy  in  pitch  and  roll. 
±0. 1 5-deg  accuracy  in  yaw  _ 


10-W  TWTAs  at  18  GHz.  plus  4-W  SSPA  near  20  GHz.  for  a 
downlink  associated  with  the  ISL  and  MMW  payloads 
MC:  2502.5  MHz 

8  GaAs  FET  power  amplifiers 

100-W  total  output  power  flexibly  shared  among  beams 
S-ISL:  2108.4  MHz 

0.9-W  SSPA  for  each  of  16  antenna  elements 
34.2  dBW  minimum  total  ERP 


ETS-VI  mobile  communications  payload. 


IF  switch  shared  with 
fixed  communications 
payload 


MPA 


Multiport  amplifier 
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K-ISL:  23  GH/ 

3-W  SSPA 

36.2  dBW  minimum  ERP 
MMW:  38  GH/ 

Two  0.8-W  SSPAs,  each  with  tour  parallel  GaAs  FETs  in  the 
final  stage,  one  active,  one  spare 
Opt:  0.83  micron 

Two  GaAIAs  laser  diodes.  14  mW  average  power,  one  ac¬ 
tive.  one  spare 

Receiver 

FC:  6.045  GH/  (V  polarization).  6.305  GHz  (V),  27.685  GHz  (V 
and  H).  28.165  GHz  (V).  30.805  GHz  (V). 

3. 5- dB  receiver  noise  figure  at  6  GHz 

5-dB  receiver  noise  figure  with  HEMT  preamplifiers  at  27  to 
31GHz 

MC:  2657.5  MHz 

2. 5- dB  receiver  noise  figure 
S-iSL:  2287.5  MHz 

1  5-dB  receiver  noise  figure 
-4  dB/K  minimum  G/T 
K-ISL:  26  GHz 

5-dB  receiver  noise  figure  with  HEMT  preamplifier 
6.4  dB/K  minimum  G/T 
MMW:  43  GHz 

<6-dB  receiver  noise  figure  with  HEMT  preamplifier 
Opt:  0.5 1  micron 

Avalanche  photo  diode 


Antenna 

FC  and  MC:  One  8.2-ft  dia.  reflector  for  4, 6,  and  27-3 1  GHz;  one 
4/6-GHz  feed  horn  produces  one  beam  with  33/35  dB  gain  at 
edge  of  coverage,  linear  polarization;  about  two  dozen  27-31 
GHz  feed  horns  form  four0.3-deg  beams  with  48-dB  gain  at  edge 
of  coverage,  dual  linear  polarizations;  the  two  frequency  bands 
share  the  antenna  via  a  frequency  selective  surface;  0.015-deg  an¬ 
tenna  pointing  accuracy  at  27-3 1  GHz  using  a  steerable  subreflec¬ 
tor.  One  1 1 ,5-ft  dia.  reflector  for  2  and  1 8  GHz;  twelve  2-GHz 
feed  horns  produce  five  beams  with  31-dB  gain  at  edge  of  cover¬ 
age,  circular  polarization;  about  two  dozen  18-GHz  feed  horns 
form  four  0.3-deg  beams  with  48-dB  gain  at  edge  of  coverage, 
dual  linear  polarizations;  the  two  frequency  bands  share  the  an¬ 
tenna  via  a  frequency  selective  surface;  0.015-deg  antenna  point¬ 
ing  accuracy  at  18  GHz  using  a  steerable  subreflector 
S-ISL:  19-element  phased  array,  elements  arranged  in  a  hexago¬ 
nal  pattern.  5.8  ft  across  corners;  all  19  elements  used  to  form  two 
receive  beams.  16  elements  used  to  form  one  transmit  beam,  ele¬ 
ment  gain  >14.8/14.5  dB  (receive/transmit);  total  gain  >27.3/26.2 
dB  (receive/transmit):  beams  steerable  ±10  deg.  pointing  error 
<1.1  deg;  circular  polarization 


feeder  links 


ETS-VI  K-band  intersatellite  link  payload. 


ETS-VI  S-band  intersatellite  link  payload.  3  e,ements  16  elements 
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K-ISL:  31.5-in.  dia.  parabola.  ±().2-deg  pointing  accuracy  with 
autotracking,  steerable  ±9.8  deg.  circular  polarization 
MMW:  16-in.  dia.  parabola.  37/41  dB  gain  (transmit/receive), 
mounted  on  same  steerable  platform  as  Ka-ISL  antenna,  circular 
polarization 

Opt:  3-in.  dia.  gimballed  telescope.  30  or  60  prad  ( 1.7  or  3.4 
mdeg)  transmit  beamwidth;  two-stage  pointing  with  autotrack, 
coarse  pointing  accuracy  32  prad.  fine  pointing  accuracy  2  prad 

Design  life 

Ten  years 

Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0. 1°N-S  and  E-W 

Orbital  history 

Launch  scheduled  summer  1993.  will  go  to  154°E  longitude 
Japanese  H-ll  launch  vehicle 

Management 

Developed  for  NASDA  by  Toshiba  (spacecraft).  NTT  (FC  and 
MC  payloads),  and  others 
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ADVANCED  COMMUNICATIONS 
TECHNOLOGY  f  VTELLITE  (ACTS) 


In  1973.  NASA  greatly  reduced  its  efforts  in  communications 
technology,  primarily  because  of  budget  restrictions.  Private  in¬ 
dustry  supported  some  developments  with  short-term  (e.g..  a  few 
years)  potential  for  commercial  success.  However,  private  indus¬ 
try  could  not  support  the  higher  risk,  higher  potential  develop¬ 
ments  which  require  about  a  decade  to  bring  to  commercial 
usefulness.  Because  of  this,  and  with  urgings  from  many  direc¬ 
tions.  NASA  was  able  to  resume  its  support  of  communications 
technology  in  1978. 


The  major  item  in  me  new  program  is  a  high-capacity  domes¬ 
tic  communications  satellite  in  the  30-  and  2()-GHz  bands.  This 
became  know  n  as  the  3()/2()-GHz  program  1 1  - 1 1 1.  Market  analy¬ 
ses  and  system  studies  were  carried  out  first.  Then  in  1980.  sev¬ 
eral  hardware  developments  were  undertaken.  These  included  a 
multibeam  antenna  with  both  fixed  and  scanned  beams,  a  base¬ 
band  processor,  an  IF  switch  matrix,  a  traveling  wave  tube  ampli¬ 
fier  (TWTA).  and  a  low  noise  receiver.  The  initial  phases  of  these 
developments  were  completed  by  1984. 
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Advanced  Communication  Technology  Satellite 


In  1983.  NASA  defined  an  Advanced  Communication 
Technology  Satellite  (ACTS)  1 12-39).  which  incorporates 
the  results  of  the  hardware  developments.  ACTS  will  demon 
strate  all  the  critical  communication  technologies  necessary  for 
high-capacity  operational  satellites  in  the  1990s.  but  on  a  reduced 
scale.  An  operational  satellite  will  probably  have  six  to  twelve 
times  the  number  of  beams,  channels,  and  total  capacity  as  ACTS. 
The  ACTS  program  includes  the  following: 

•  Demonstration  of  the  new  technology  items  on  the  space¬ 
craft  (multibeam  antenna.  IF  switch  matrix,  baseband  pro¬ 
cessor.  high-power  TWTA.  and  low-noise  receiver). 

•  TDMA  network  control  and  operations  experiments. 

•  Tests  of  ground  terminal  hardware. 

»  Tests  of  error  correction  and  power  control  to  minimize  deg¬ 
radations  caused  by  atmospheric  attenuation. 

•  Propagation  measurements. 

The  ACTS  support  subsystem  within  the  central  body  of  the 
satellite  and  the  deployed  solar  arrays  are  based  on  flight-proven 
designs.  The  two  large  reflectors  are  attached  to  the  central  body 
of  the  spacecraft  and  are  deployed  in  orbit.  The  smaller  subre¬ 
flectors  are  mounted  on  a  mast  extending  forward  of  the  central 
body  and  do  not  require  deployment.  The  feed  arrays  for  the  two 
antennas  are  mounted  on  the  front  face  of  the  central  body.  Other 
communications  equipment  is  mounted  within  the  body.  Satellite 
and  communication  subsystem  details  are  as  follows: 

Satellite 

Rectangular  body  80  x  84  x  75  in..  47  ft  across  deployed  solar  ar¬ 
rays.  30  ft  across  deployed  reflectors 
3270  lb  in  orbit,  beginning  of  life 

Sun-tracking  solar  arrays,  batteries,  1770  W  maximum,  begin¬ 
ning  of  life:  1400  W  minimum,  after  four  years 
Three-axis-stabilized  using  momentum  wheels,  antenna  pointing 
accuracy  ±0.025  deg 

Solid  rocket  motor  for  apogee  maneuver,  hydrazine  thrusters  for 
on-orbit  use 

Configuration 

Three  fixed  beams  interconnected  by  a  3  x  3  IF  switch  matrix 
Two  scanned  beams  interconnected  by  a  baseband  processor 


Capacity 

220  Mbps  per  fixed  beam 
1 10  Mbps  or  2  x  27.5  Mbps  per  scanned  beam 

Transmitter 

19.2  to  20.2  GHz 

Four  46- W  TWTAs.  three  active,  each  switched  to  one  fixed  or 
scanned  beam  or  to  the  mechanically  steerable  beam 
ERP.  59  to  61  dBW  per  fixed  or  scanned  beam.  53  dBW  on  steer¬ 
able  beam 

Propagation  beacons  to  20.185.  20.195.  and  27.505  GHz:  solid- 
state  amplifiers.  0.18  W  (20.185.  20.195  GHz).  0.08  W  (27.5 
GHz):  ERP  over  CONUS  17.5  dBW  (20.185.  20.195  GHz).  14.2 
dBW  (27.5  GHz) 

Receiver 

29  to  30  GHz 

Three  active  receivers  plus  one  spare 
HEMT  preamplifiers 
3.5-dB  receiver  noise  figure 

G/T:  15  to  19  dB/K  (multibeam  antenna).  1 1  dB/K  (mechanically 
steered  antenna) 

Antennas 

Two  offset-fed  Gregorian  multibeam  antennas  with  130-in.  (20- 
GHz.)  and  87-in.  (30-GHz)  dia.  main  reflectors.  0.3-deg  beam- 
width.  orthogonal  linear  polarizations  used  on  each  antenna:  each 
reflector  has  47  feed  horns  split  between  the  two  polarizations: 
three  for  the  fixed  spots,  13  for  the  isolated  scanning  positions, 
and  31  for  the  sector  scan:  25-dB  cross-polarization  isolation  be¬ 
tween  beams.  25-dB  co-polarization  isolation  between  beams 
separated  by  more  than  one  beamw  idth 
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Transmitter 


BBP  Baseband  processor 
BFN  Beam  forming  network 
MBA  Multibeam  antenna 
MSA  Mechanically  steered  antenna 
MSM  Microwave  switch  matrix 


BASEBAND  PROCESSOR  DETAILS 


1.  Demodulators 

2.  Memories  and  decoders 

3.  Memories  and  coders 

4.  Modulators 


&>: 


Limiting 

amplifier 


Summing 

amplifier 


RECEIVER  DETAILS 


From 

antenna 


t 

6.48  GHz 


Autotrack 

signal 


TRANSMITTER  DETAILS 


*  TVJ£>-^ 


To  antenna 


t 

5.4  GHz 


ACTS  communication  .subsystem. 


One  43-in.  dia.  offset-fed  parabolic  steerable  antenna:  44-dB  gain 
(receive).  42-dB  gain  (transmit):  l-deg  beamwidth:  linear  polar¬ 
ization:  one  feed  horn  each  for  transmit  and  receive,  feed  horns 
are  coupled  to  beam  forming  networks  of  multibeam  antennas; 
antenna  steerable  ±10  deg  in  azimuth  and  elevation 

Design  life 

Four  years 

Orbit 

Synchronous  equatorial,  planned  location  I0()°W 

Orbital  history 

Launch  scheduled  February  1993 
Shuttle  launch  vehicle 

Management 

Developed  by  GE  Astro-Space  (formerly  RCA)  for  NASA 
Operated  by  GE  Astro-Space  (spacecraft  control).  NASA  (com¬ 
munications  control) 

The  ACTS  communication  subsystem  is  composed  of  multi¬ 
beam  antennas  and  multimode  electronics.  The  two  large  anten¬ 
nas.  one  for  transmission  and  one  for  reception,  each  can  form 


five  beams.  Three  beams  are  fixed,  pointed  at  Cleveland.  Atlanta, 
and  Tampa.  The  Cleveland  uplink  beam  is  used  by  the  ACTS  au¬ 
totracking  receiver  to  keep  the  antennas  accurately  pointed.  The 
other  two  beams  are  scanning  beams.  Each  scans  one  contiguous 
area  in  the  northeast  United  States  and  either  six  or  seven  specific 
metropolitan  areas  in  other  parts  of  the  country.  The  scanning  is 
controlled  by  beam-forming  networks  which  switch  among  the 
multiple  feed  horns  for  each  scanning  beam:  the  switching  can  be 
accomplished  in  less  than  one  microsecond.  Uplink  and  down¬ 
link  scanning  patterns  are  independeni.  A  separate,  mechanically 
steerable  antenna  forms  a  single  beam  that  can  be  steered  toward 
any  point  in  the  50  states.  This  antenna  is  operated  as  part  of  the 
scanned  beam  capability. 

The  communications  electronics  can  process  signals  from  any 
three  of  the  five  beams,  three  fixed  and  two  scanned.  The  elec¬ 
tronics  have  two  separate  paths,  corresponding  to  two  operating 
modes  for  the  communication  links.  The  high  burst  rate  mode  is 
associated  with  the  microwave  switch  matrix.  This  4x4  matrix 
operates  at  an  intermediate  frequency  slightly  above  3  GHz  and 
interconnects  the  four  receivers  and  four  transmitters.  Only  three 
are  active  at  a  time;  the  fourth  is  redundant.  The  microwave 
switch  matrix  w  ill  usually  be  operated  w  ith  the  three  fixed  beams, 
but  one  or  two  can  be  replaced  by  scanned  beams.  Signals  are 
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typically  serial  minimum  shift  keyed  (SMSK)  at  220  Mbps,  but 
other  modulation  formats  will  be  tested.  The  matrix  swatches  in 
synchronism  with  TDMA  burst  transmissions  from  as  many  as  10 
ground  terminals.  The  TDMA  framelength  is  I  msec,  and  the 
burst  switching  pattern  can  be  changed  as  often  as  once  a  minute. 
Uplink  power  control  is  used  to  counter  the  effects  of  variable 
propagation  losses. 

The  low  burst  rate  mode  is  associated  with  the  baseband  pro¬ 
cessor  portion  of  the  communication  subsystem.  The  processor 
accepts  either  one  1 10  Mbps  or  two  27.5  Mbps  inputs  from  each 
scanned  beam.  The  inputs  are  at  approximately  3.3  GHz:  the  two 
lower  rate  inputs  are  at  separate  frequencies.  During  increased 
propagation  losses,  the  data  rate  can  be  reduced  by  a  factor  of 
four  and  rate  1/2  coding  applied  to  produce  symbol  rates  of  1 10 
Msps  or  13.75  Msps.  The  transmission  format  is  TDMA  with 
SMSK  modulation.  The  input  bursts  are  demodulated,  and  de¬ 
coded  if  necessary:  the  resulting  64-bit  words  are  routed  through 
buffer  memories  to  a  data  routing  switch.  The  switch  sends  the 
64-bit  words  through  output  buffer  memories  to  two  modulators. 
The  downlink  burst  transmission  rate  is.  independently  in  each 
beam,  either  1 10  Mbps  uncoded  or  27  Mbps  encoded  to  55  Msps. 

The  satellite  also  has  two  propagation  beacons  at  20  GHz  and 
one  at  27.5  GHz.  The  20-GHz  beacons  have  telemetry  subcarri¬ 
ers.  All  three  beacons  can  be  used  for  power  monitoring  for  pow¬ 
er  control  or  coding  decisions  for  fade  compensation  on  the  main 
links,  and  for  propagation  research. 

The  ACTS  spacecraft  control  center  is  in  New  Jersey,  but  com¬ 
mand  and  telemetry  links  are  routed  via  terrestrial  lines  between 
this  center  and  NASA's  master  ground  station  in  Cleveland.  This 
station  handles  the  satellte  command  and  telemetry  transmis¬ 
sions,  controls  the  communications  payload  and  the  network  of 
users,  and  records  system  data.  It  also  is  a  terminal  for  both  low 
burst  rate  and  high  burst  rate  operations.  Many  other  ground  ter¬ 
minals  are  being  provided  by  experimenters  for  both  communica¬ 
tions  and  propagation  applications. 

The  ACTS  contract  was  awarded  in  1984.  However,  in  that 
year  and  in  most  years  since,  the  program  has  had  ups  and  downs 
in  the  budget  process,  even  being  completely  eliminated  and  then 
restored.  The  scheduled  launch  date  is  1992.  NASA  has  been 
working  with  corporations  and  universities  which  are  defining  ex¬ 
periments  to  be  conducted  using  ACTS. 
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ADVANCED  RELAY  AND  TECHNOLOGY  MISSION 


The  Advanced  Relay  and  Technology  Mission  (Artemis)  [  1 1  is 
an  ESA  communications  technology  satellite.  Its  purpose  is  to 
demonstrate  new  technologies  in  orbit,  which  can  then  be  trans¬ 
ferred  to  operational  satellites  later  in  the  1990s.  This  purpose, 
and  some  of  the  specific  technologies,  are  similar  to  the  NASA 
ACTS  and  Japan’s  ETS-VI.  The  Artemis  satellite  will  demon¬ 
strate  new  technology  in  three  categories:  data  relay,  mobile  ser¬ 
vices.  and  spacecraft  subsystems. 

The  data  relay  technologies  are  lasercom  and  an  S-band  high 
gain  multiple  access  payload.  The  lasercom  is  to  operate  at  65 
Mbps  using  solid-state  laser  diodes.  The  eventual  goal  is  a 
crosslink  demonstration  from  the  French  Spot  4  earth  resources 
satellite  in  low  orbit  to  the  geosynchronous  Artemis  satellite.  The 
S-band  payload  is  similar  to  the  one  on  NASA's  TDRS  but  can 
accommodate  higher  data  rates. 


The  mobile  services  technology  is  a  demonstration  of  spot 
beams  and  frequency  reuse  with  a  large  L-band  reflector  antenna. 
The  spacecraft  technology  items  are  ion  propulsion,  a  European- 
built  nickel-hydrogen  battery,  a  new  star  sensor,  a  gyro,  and  a  di¬ 
agnostics  package.  The  last  item  will  measure  spacecraft  vibra¬ 
tions.  contamination,  and  charging.  The  satellite  is  also  planned 
to  have  propagation  beacons  at  45.  90.  and  1 35  GHz. 

Spacecraft  configuration  and  payload  definition  studies  were 
conducted  in  1989  to  1990.  The  spacecraft  weight  in  orbit  is  ex¬ 
pected  to  be  approximately  2000  lb.  Spacecraft  development  be¬ 
gan  in  1990.  and  it  will  probably  be  launched  in  1995. 

%  ifc 

1.  H.  Lechte.  et  al..  "ESA's  Advanced  Relay  and  Technology 
Mission."  ESA  Bulletin.  No.  62  (May  1990). 
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INTERNATIONAL  SATELLITES 


International  satellites  are  of  three  types.  The  first,  described 
here,  is  part  of  the  global  communication  networks  of  Intelsat  and 
Inmarsat.  Both  networks  have  at  least  one  satellite  over  each  of 
the  three  major  oceans  (Atlantic.  Indian.  Pacific)  to  provide  near¬ 
ly  universal  coverage  (except  in  polar  regions).  Both  networks 
also  are  open  to  use  by  all  nations.  Another  type  of  international 
satellite  is  called  a  regional  satellite.  Each  is  designed  for  and 
used  by  a  group  of  countries  that  have  either  geographical  prox¬ 
imity  or  cultural  ties,  or  both.  These  regional  satellites  are  de¬ 
scribed  later.  A  third  type  of  international  satellite  is  used  by 
private  international  systems.  These  systems  are  operated  by  pri¬ 
vate  businesses  in  contrast  to  the  other  systems,  which  are  operat¬ 
ed  by  consortia  of  governments  or  government-designated 
organizations. 

Intelsat  began  developing  satellites  for  international  public  use 
as  soon  as  the  early  experimental  communication  satellites  had 
proven  the  technology.  Starting  from  a  single  satellite,  the  Intel¬ 
sat  system  has  grown  to  a  global  network  using  many  satellites. 
Six  generations  of  satellites  have  been  brought  into  service,  and  a 
seventh  is  in  development.  Each  of  these  satellites  is  described. 
In  addition,  since  Intelsat  is  an  outstanding,  continually  growing 


example  of  the  commercial  application  of  space  technology,  an 
overall  system  description  is  included. 

Inmarsat  took  much  longer  to  come  into  being  than  Intelsat. 
At  the  start  of  the  1960s.  there  were  demonstrations  of  satellite 
communications  with  ships.  Demonstrations  w  ith  aircraft  fol¬ 
lowed  later  in  that  decade.  Through  the  1960s  and  1970s.  there 
were  many  studies  of  satellite  systems  for  maritime  and  aeronau¬ 
tical  communications.  However,  it  was  not  until  1979  that  the  In 
inarsat  organization  was  formed.  It  began  operations  in  19X2 
with  leased  capacity.  In  1990.  the  lirst  of  its  second-generation 
satellites  was  launched  and  development  of  the  third  generation 
began.  The  Inmarsat  system  and  satellite  characteristics  are  de¬ 
scribed. 

Proposals  for  private  international  systems  were  made  in  the 
mid-1980s  by  several  United  States  companies.  Intelsat  opposed 
them,  but  eventually  the  United  States  Government  allowed  them 
to  develop  their  systems  subject  to  stated  restrictions.  The  first  of 
these  systems  is  in  operation  and  the  second  is  developing  its  sat¬ 
ellites.  The  policy  issues  concerning  these  systems  are  discussed 
and  their  satellites  are  described. 


EARLY  BIRD 

In  August  1964.  the  International  Telecommunication  Satellite 
Consortium  (now  called  Intelsat)  was  formed  with  the  goals  of 
production,  ow  nership,  management,  and  use  of  a  global  commu¬ 
nication  satellite  system.  The  feasibility  of  satellite  communica¬ 
tions  had  already  been  proven,  and  Intelsat  decided  to  launch  a 
satellite  to  gain  information  in  four  areas: 

•  Rain  margins  required  at  ground  stations 

•  Reaction  of  telephone  users  to  the  transmission  delay 

•  Long-term  operation  of  the  stationkeeping  control  valves 

•  Applicability  of  communication  satellites  for  commercial 
telephone  use 

The  satellite  was  basically  experimental  to  provide  some  re¬ 
sults  in  these  areas  of  uncertainty.  If  the  results  were  favorable, 
the  satellite  would  be  put  into  operational  use.  Because  of  the 
success  of  Syncom.  Intelsat  decided  to  use  a  satellite  of  similar 
design.  However,  at  the  same  time,  three  design  studies  were  ini¬ 
tiated.  covering  the  three  possible  orbital  modes  for  a  fully  opera¬ 
tional  system.  The  three  choices  were:  randomly  spaced  medium 
altitude  satellites,  gravity-gradient-stabili/ed  medium  altitude 
satellites  with  controlled  phasing,  and  larger  satellites  in  synchro¬ 
nous  equatorial  orbits. 

The  Early  Bird  design  [  I  - 1  <)|  basically  followed  the  Syncom  3 
design.  The  bandwidth  and  radiated  power  were  increased  to  pro¬ 
vide  better  service,  including  two-way  television.  Larger  solar 
cell  panels  were  used,  increasing  the  satellite  height.  Since  the 
satellite  was  to  be  used  for  transmission  between  North  America 
and  Europe,  the  antenna  pattern  was  shaped  to  service  the  North¬ 
ern  Hemisphere.  Maximum  gain  occurred  at  45'’ N  latitude,  rather 
than  at  the  equator.  The  satellite  had  two  independent  repeaters: 
one  for  transmissions  from  Europe  to  North  America  and  the  oth¬ 
er  for  the  opposite  direction.  The  satellite  details  are  as  follows: 

Satellite 

Cylinder.  28-in  dia..  23-in.  height 


liurly  Hint  \ciicllitc. 


85  lb  in  orbit,  beginning  of  life 

Solar  cells.  45-W  maximum.  33-W  minimum  after  three  years 
(NiCd  batteries  are  not  used  by  the  communication  subsystem) 
Spin-stabilized 

Solid  rocket  motor  for  apogee  maneuver 

Configuration 

Two  25-MHz  bandw  idth  double  conversion  repeaters 
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Capacity 

240  two-way  voice  circuits  or  one  two- 
way  TV  circuit 

Transmitter 

4081  MHz  to  United  States.  4161  MHz 
to  Europe 

Two  TWTs  (one  on,  one  standby) 

6-W  output,  10-  to  1 1-dBW  ERPper  re¬ 
peater 

Receiver 

6390  MHz  from  United  States,  6301 
MHz  from  Europe 
9-dB  noise  figure 


Antenna 

Transmit:  six-element  colinear  slot  array,  9-dB  gain.  1 1  -  x  360- 
deg  beam  tilted  7  deg  above  equatorial  plane  (maximum  gain  at 
about  45°N  latitude) 

Receive:  Three-element  cloverleaf  array.  4-dB  gain.  40-  x  360- 
deg  beam 

Design  life 

1 .5  years 

Orbit 

Synchronous  equatorial 


*  *  *  *  *  * 

1 .  S.  Metzger.  "The  Commercial  Communications  Satellite  Sys¬ 
tem — 1963  to  68."  Astronautics  and  Aeronautics,  Vol.  6.  No. 
4  (April  1968). 

2.  J.  Alper  and  J.  N.  Pelton.  eds..  The  Intelsat  Global  System. 
Progress  in  Astronautics  and  Aeronautics.  Vol.  93.  AIAA. 
New  York  (1984). 

3.  R.  M.  Bentley.  "Early  Bird.”  Astronautics  and  Aeronautics. 
Vol.  3.  No.  3  (March  1965). 


Orbital  history 

Launched  6  April  1965 

Commercial  service  use  from  28  June  1965  to  January  1969  and 
from  29  June  to  13  August  1 969  (to  till  coverage  gap  caused  by 
Intelsat  IIIB  outage) 

Delta  launch  vehicle 

Management 

Developed  by  Hughes  Aircraft  Company  tor  Comsat  Corpora¬ 
tion/Intelsat 

Operated  by  Comsat  Corporation  for  Intelsat 

Early  Bird  (also  called  Intelsat  I)  was  launched  in  April  1965. 
Extensive  tests  were  conducted  using  stations  in  Maine.  England. 
France,  and  Germany,  which  had  also  operated  with  Telstar  and 
Relay.  Noise,  intermodulation,  and  frequency  response  measure¬ 
ments  were  made  with  single  and  multiple  carriers  with  voice  and 
television  signals.  Optimal  operating  points  for  ground  equip¬ 
ment  were  determined.  The  tests  indicated  that  operation  to  com¬ 
mercial  standards  could  be  maintained.  DoD  also  conducted 
limited  tests  using  Early  Bird. 

Early  Bird  was  put  into  regular  commercial  service  in  June 
1965  and  operated  regularly  until  January  1969.  In  July  and  Au¬ 
gust  1969,  it  was  used  again  during  a  temporary  outage  of  Intelsat 

IIIB. 
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INTELSAT  II 


Intelsat  II  i  1  - C> |  was  developed  as  a  follow -on  to  l  ai ly  Bird 
t  Intelsat  I ).  A  prime  factor  in  the  timing  of  the  lntels.it  II  program 
was  the  NASA  need  lor  multichannel  communications  with  over¬ 
seas  mound  and  shiphornc  tracking  stations  to  aid  the  Apollo 
program,  lormerly.  these  communication  links  depended  on  Inch 
frequency  radio,  hut  the  increase  in  manned  space  Mights  required 
improved  quality  and  reliability.  The  Intelsat  II  satellites  were 
designed  to  satisfy  NASA  requirements  and  to  have  additional 
capacity  for  other  commercial  traflic. 

The  design  of  the  Intelsat  II  satellite  was  derived  from  the  Sy  n- 
eom  3  and  liarly  Bird  designs.  Mechanically,  all  three  satellites 
were  similar.  The  communication  subsystem  of  Intelsat  II  had  a 
simile,  wide  bandwidth  repeater  rather  than  the  pair  of  narrow¬ 
band  repeaters  used  on  liarly  Bird.  T  he  antenna  pattern  was  cen¬ 
tered  at  the  equator  to  provide  equal  coverage  to  both  Northern 
and  Southern  Hemispheres.  Parallel  TVVTs  were  used  in  the 
transmitter  to  compensate  for  this  wider  beamwidth  (the  I -airly 
Bird  antenna  pattern  covered  only  the  Nonhern  Hemisphere). 
Therefore,  the  communication  capacity  of  Intelsat  II  was  the 
same  as  that  ol  liarly  Bird.  The  Intelsat  II  satellite  details  are  as 
follow  s: 

Satellite 

Cylinder.  Sh  in.  ilia..  20.5-in.  height  (45  in.  overall) 

102  lb  in  orbit,  beginning  ol  life 

Solar  cells  and  NiCd  batteries.  S5  \V  initially.  75  W  minimum  af¬ 
ter  live  years 
Spin  stabilized 

Solid  rocket  motor  for  apogee  maneuver 

Configuration 

One  130  MHz  bandwidth  single  conversion  repeater 

Capacity 

240  two-wav  voice  circuits 


Redundant:  one  on.  one  standby 
0-ilB  noise  figure 


Transmitter 

4055  to  4  1X5  MHz 

l  our  0-VV  TVVTs:  anv  combination  ol  one.  two.  or  three  active: 
I  2  VV  output.  15.4  ilBVV  I  KP  with  two  TVVTs  on 

Receiver 

02X0  to  0410  MHz 


Antenna 

Transmit:  loin  element  bieomeal  horn  array.  5-dB  gain.  12  ■ 

300-deg  beamwidth 

Receive:  single  bieomeal  horn.  4  dB  gain 

Design  life 

Three  vears 


Normally  two  TWTs  are  on, 
but  1 ,  2  or  3  may  be  used 


lnh  luii  II  (  iiniiilllillt  illinn  subss  sh  in 


Orbit 

Sy  nchronous  equatorial 

Orbital  history 

Satellite,  launch  dales,  service  area,  and  comments: 

II  A.  20  ( )eloher  I  'Hits,  tailed  to  achieve  sy  nehioiiotis  orbit.  I  2  hi 

orbit  allowed  4  to  X  hr  use  per  day  until  MB  was  launched,  dc 

caved  from  orbit  on  7  September  10X2 

MB.  1 1  January  1007.  Pacific,  retired  m  eaily  1000 

IIC.  7  April  1007.  Atlantic,  retired  m  Tebruary  |07t) 

III).  27  Septembei  1007.  Pacific,  iciiied  m  1071 
Delta  launch  vehicle 

Management 

IH  ■veloped  by  Hughes  Auer. ill  Company  lot  (  onis.it  (  oipoia 
lion/lnlelsal 

( >pei. lied  In  (  omsat  (  oipoialion  loi  Intelsat 


The  first  Intelsat  II  satellite  < 1 1 A )  was  launched  in  October 
1966;  but.  because  of  an  apogee  motor  malfunction,  its  final  orbit 
was  elliptical  with  a  synchronous  altitude  apogee.  It  was  used  for 
communications  in  the  Pacific  area  a  few  hours  a  day  until  Satel¬ 
lite  I1B  was  launched.  After  that,  it  was  used  occasionally  for 
ground  station  tests.  Satellites  1  IB,  IIC,  and  IID  were  launched 
successfully  and  operated  properly.  They  were  used  both  in  regu¬ 
lar  commercial  service  and  in  the  NASA  communications  net¬ 
work.  These  three  satellites,  along  with  Early  Bird,  were  retired 
by  1971. 

He  H«  ❖  *  *  He 
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INTELSAT  III 


Work  on  the  Intelsat  III  satellites  1 1  -7 1  started  in  1966  about 
the  time  the  first  Intelsat  II  was  launched.  The  objective  of  the  In¬ 
telsat  III  program  was  to  develop  satellites,  with  greater  capacity 
than  the  previous  satellites,  which  had  a  multiple  access  capabili¬ 
ty  allowing  communications  between  any  pair  of  terminals  w  ithin 
view  of  the  satellite.  The  Intelsat  III  program  was  the  lirst  to  pro¬ 
vide  global  service,  w  ith  satellites  serving  each  of  the  three  ocean 
areas  of  the  world.  This  fulfilled  a  goal  defined  in  the  original 
charter  of  the  Intelsat  organization. 

The  Intelsat  III  satellites  were  larger  than  the  Intelsat  II  satel¬ 
lites.  The  basic  design  was  similar,  w  ith  equipment  mounted  on  a 
platform  within  a  spinning,  cylindrical  body  on  which  solar  cells 
were  mounted.  A  despun  antenna  was  the  major  new  feature  of 
the  Intelsat  III  design.  The  beamwidth  of  the  antenna  was  opti¬ 


mized  for  earth  coverage  and  provided  significantly  more  gain 
than  the  antennas  on  earlier  satellites.  Increased  gain  was  the  ma¬ 
jor  reason  the  Intelsat  III  communication  capacity  was  five  times 
that  of  Intelsat  II.  The  communication  subsystem  had  two  inde¬ 
pendent  repeaters,  each  with  a  bandwidth  of  225  MHz.  The  satel¬ 
lite  details  are  as  follows: 

Satellite 

Cylinder.  56-in.  dia..  41-in.  height  (78  in.  overall) 

Approximately  330  lb  in  orbit,  beginning  of  life 

Solar  cells  and  NiCd  batteries.  160  W  at  beginning  of  life.  130  W 

minimum  after  five  years 

Spin-stabilized.  90  rpm 

Solid  rocket  motor  for  apogee  maneuver,  hydrazine  monopropel¬ 
lant  for  on-orbit  use 

Configuration 

Two  225-MHz  bandwidth  single-conversion  repeaters 

Capacity 

1200  tw  o-way  voice  circuits  or  four  TV  circuits 


‘Spare  TD  and  switching  not  in  tirst  3  satellites 


Intelsat  III  communication  subsystem. 
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Transmitter 

3705  to  3030  MH/  and  3070  to  4105  MHz 
Each  repeater  has  a  low-level  TWT  driving  a  high-level  TWT 
10- W  output.  27-dBW  ERPeaeh  repeater  (22-dBW  minimum  at 
edge  of  earth) 

Receiver 

5030  to  6155  \1H/  and  6105  to  6420  MH/ 

Two  tunnel  diode  amplifiers  in  each  repeater  (one  on.  one  stand¬ 
by)  (standby  amplifiers  not  on  first  three  satellites) 

<7-dB  noise  figure 

Antenna 

Despun  conical  horn  with  fiat  reflector  45  deg  to  horn  axis 
10.3-deg  beamwidth.  circular  polarization 
Transmit.  18-dB  peak  gain 
Receive:  21-dB  peak  gain 

Design  life 

Five  years 

Orbit 

Synchronous  equatorial 

Orbital  history 

Satellite,  launch  date,  service  area,  and  comments.  (Dates  in  pa¬ 
rentheses  indicate  end  of  active  service.  The  Intelsat  III  satellites 
are  no  longer  available  for  service.): 

Ill  A.  18  September  1968.  failed  to  achieve  proper  orbit 

I I I B.  18  December  1968.  Atlantic  (March  1470) 

IIIC.  5  February  I960.  Pacific.  Indian  (April  1979) 

HID.  21  May  1969.  Pacific  (November  1972) 

IIIE.  25  July  1969.  failed  to  achieve  proper  orbit,  reentered  the  at¬ 
mosphere  14  October  1988 

IIIF,  14  January  1970.  Atlantic  (March  1972).  Indian.  Pacific.  De¬ 
cember  1974) 

II1C1.  22  April  1970.  Atlantic  (failed  in  March  1972) 

IIIH.  23  July  1970.  failed  to  achieve  proper  orbit 
Delta  launch  vehicle 


Management 

Developed  by  TRW  Systems  Group  ( b'/'t  subcontracted  in  West¬ 
ern  Europe  and  Japan)  for  Comsat  Corporation/Intelsat 
Operated  by  Comsat  Corporation  for  Intelsat 

Originally,  the  Intelsat  III  program  was  to  include  six  launch¬ 
es.  During  the  course  of  the  program,  however,  partially  because 
of  the  failure  of  the  first  launch,  the  program  was  extended  to 
eight  launches.  The  seventh  satellite  was  fabricated  from  avail¬ 
able  spare  parts,  and  the  eighth  was  the  refurbished  prototype. 
Between  December  1968  and  April  1970,  five  of  the  eight  satel¬ 
lites  were  successfully  placed  into  synchronous  orbit,  and  all  five 
operated  satisfactorily.  A  component  failure  reduced  the  capacity 
of  Intelsat  IIIC.  but  it  was  moved  from  the  Pacific  to  the  Indian 
Ocean  area,  where  it  provided  acceptable  service  in  view  of  the 
lower  traffic  density.  Beginning  in  1972.  the  Intelsat  III  satellites 
were  removed  from  service  as  the  Intelsat  IV  satellites  became 
available. 

5§c  #  %  # 

1 .  S.  Met/ger.  "The  Commercial  Communications  Satellite  Sys¬ 
tem — 1963  to  68."  Astronautics  and  Aeronautics.  Vol.  6.  No. 
4  (April  1968). 

2.  J.  Alper  and  J.  N.  Pelton.  eds..  The  Intelsat  Global  System. 
Progress  in  Astronautics  and  Aeronautics.  Vol.  93.  AIAA. 
New  York  ( 1984). 

3.  J.  Arnaud.  "Progress  in  Intelsat."  IEEE  International  Confer¬ 
ence  on  Communications:  ICC  '6<S’  (June  1968). 

4.  C.  O.  Meredith.  "Lessons  Learned  from  the  Intelsat  III  Satel¬ 
lite  Program."  Paper  72-534.  AIAA  4th  Communications  Sat¬ 
ellite  Systems  Conference  (April  1972).  Reprinted  in 
Communications  Satellite  Systems.  Progress  in  Astronautics 
and  Aeronautics.  Vol.  32.  P.  L.  Bargellini.  ed.  ( 1974). 

5.  M.  Feigen.  "The  Intelsat  III  Satellite."  IEEE  International 
Conference  on  Communications:  ICC  '6S  (June  1968). 

6.  W.  L.  Glomband  L.  Feit.  "Overall  System.”  Electrical  Com¬ 
munication.  Vol.  45.  No.  4  ( 1970). 

7.  A.  J.  Grey.  "Communication.  Telemetry,  and  Command  Sub¬ 
system."  Electrical  Communication.  Vol.  45.  No.  4  ( 1970). 


INTELSAT  IV 


The  Intelsat  111  satellites  were  a  significant  improvement  over 
the  prev  ious  Intelsat  satellites.  However,  prior  to  the  first  Intelsat 

III  launch,  it  was  recognized  that  the  continually  increasing  de¬ 
mand  for  communication  satellite  services  would  shortly  require 
even  larger  satellites  in  orbit.  Therefore,  design  work  was  begun 
on  Intelsat  IV  1 1  -7 1  about  the  time  the  first  Intelsat  III  satellites 
were  brought  into  service.  The  main  requirements  for  the  Intelsat 

IV  satellites  were  to  provide  increased  capacity  and  operational 
flexibility  while  remaining  compatible  with  existing  ground  ter¬ 
minals. 

The  design  of  Intelsat  IV  differed  significantly  from  that  of  In¬ 
telsat  III  and  was  based  on  the  Tactical  Communications  Satellite 
(Tacsat)  design.  The  antennas  and  communications  electronics 
were  all  mounted  on  a  platform  that  was  despun  relative  to  the 
main  body  of  the  satellite  in  order  to  remain  pointed  at  the  earth. 
All  other  equipment  were  mounted  within  the  large  cylindrical 
satellite  hotly,  which  spun  to  provide  stahili/ation.  Like  Tacsat. 


but  unlike  other  previous  satellites,  the  spin  axis  was  not  the  axis 
of  the  maximum  moment  of  inertia,  and  special  attitude  control 
devices  were  required  to  maintain  stability.  The  Intelsat  IV  solar 
array  was  much  larger  than  that  of  Intelsat  III.  thereby  allowing  a 
significant  increase  in  total  transmitter  power.  Additional  details 
are  as  follows: 

Satellite 

Cylinder.  94-in.  d i a . .  1 1 1 -in.  height  |2I()  in.  ( 17.5  ft)  overall] 

Approximately  1600  lb  in  orbit,  beginning  of  life 

Solar  cells  and  NiCd  batteries.  570  W  initially.  460  W  at  end  of 

life 

Spin-stabilized,  gyrostat.  50  to  60  rpm.  antenna  pointing  error 
<±0.35  deg  (each  axis) 

Solid  rocket  motor  for  apogee  maneuver,  hydrazine  monopropel¬ 
lant  for  on-orbit  use 


Configuration 

Twelve  36-MHz  bandwidth  single-conversion  repeaters 

Capacity 

Total  of  3000  to  9000  two-way  telephone  circuits  depending  on 
use  of  earth  coverage  or  narrowbeam  antennas,  number  of  carri¬ 
ers  per  repeater,  and  modulation  formats 
One  color  TV  channel  per  repeater 

Transmitter 

3707  to  4 1 93  MHz 

Two  TWTs  per  repeater  (one  on.  one  standby) 

6-W  output  per  repeater 

ERP  per  repeater:  22.0  dBW  (earth  coverage  antenna).  33.7  dBW 
(narrowbeam  antenna),  both  at  -3  dB  points  of  antenna  pattern 


Receiver 

5932  to  64 18  MHz 

Four  complete  units  (one  on.  three  standby),  tunnel  diode  pream¬ 
plifiers 

8.2-dB  noise  figure 

G/T:  -18.7  dB/K  minimum,  -17.2  dB/K  nominal 

Antenna 

Four  earth  coverage  horns,  20.5-dB  gain,  17-deg  beamwidth 
(two  for  transmit  and  two  for  receive) 

Two  narrowbeam  parabolas,  50-in.  dia..  31.7-dB  gain,  4.5-deg 
beamwidth,  steerable  in  the  17-deg  earth  coverage  cone 
All  six  antennas  mounted  on  a  despun  platform  and  circularly  po¬ 
larized 

Design  life 

Seven  years 

Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0. 1°N-S  and  E-W 

Orbital  history 

Satellite,  launch  date,  service  area,  and  comments: 

F-2.  25  January  1971,  service  life  about  nine  years,  then  moved 
above  synchronous  orbit 

F-3,  19  December  1971,  service  life  about  10  years,  then  moved 
above  synchronous  orbit 

Telemetry  and 


5932- 

6418 


5932- 

6418 


FC  Earth  coverage  antenna 

NB  Narrowbeam  antenna  *  Redundant  TWT  for  each  channel  not  shown 

Intelsat  IV  communication  subsystem. 


F-4.  23  January  1972.  service  life  about  1 1  years,  then  moved 
above  synchronous  orbit 

F-5,  13  June  1972,  service  life  about  nine  years,  then  moved 
above  synchronous  orbit 

F-7.  23  August  1973.  service  life  about  1 1  years,  then  moved 
above  synchronous  orbit 

F-8.  21  November  1974.  service  life  about  10  years,  then  moved 

above  synchronous  orbit 

F-6.  20  February  1975.  launch  vehicle  failure 

F-l.  22  May  1975,  service  life  about  12  years,  then  moved  above 

synchronous  orbit 

Atlas-Centaur  launch  vehicle 

Management 

Developed  by  Hughes  Aircraft  Company  for  Comsat  Corpora¬ 
tion/Intelsat,  approximately  2()r/<  subcontracted  to  companies  in 
Western  Europe.  Japan,  and  Canada 
Operated  by  Intelsat 

Previous  Intelsat  satellites  all  had  one  or  two  communication 
channels;  with  each  new  design,  increased  capacity  was  achieved 
by  increasing  the  channel  bandwidth.  The  resulting  capacity  was 
always  limited  by  the  available  transmitter  power.  Since  the  In¬ 
telsat  III  design  used  450  MHz  of  the  500-MHz  allocation,  the  In¬ 
telsat  IV  design  was  bandwidth-limited,  and  12  separate  repeaters 
were  used  to  achieve  more  efficient  spectrum  utilization.  The  to¬ 
tal  repeater  bandwidth  was  432  MHz,  but  the  total  capacity  using 


earth  coverage  antennas  was  3000  telephone  circuits — 2.5  times 
the  capacity  of  Intelsat  III. 

Intelsat  IV  was  the  first  satellite  to  have  narrowbeam  antennas. 
It  had  two  transmitting  antennas  with  4.5-deg  beamwidths  in  ad¬ 
dition  to  the  earth  coverage  (approximately  17-deg  beamwidth) 
receiving  and  transmitting  antennas.  Up  to  four  repeaters  were 
connected  to  each  narrowbeam  antenna,  providing  a  maximum 
satellite  capacity  of  9000  telephone  circuits.  Under  normal  oper¬ 
ating  conditions,  each  Intelsat  IV  provided  a  capacity  of  4000  to 
6000  circuits.  The  maximum  capacity  was  not  realized  because  of 
the  inefficiencies  incurred  when  several  transmissions  shared  a 
repeater. 

All  eight  Intelsat  IV  satellites  have  been  launched,  with  only 
one  unsuccessful  launch.  The  first  launch  was  in  January  1971 
and  the  last  in  May  1975.  All  the  satellites,  except  for  one  lost  in 
a  launch  failure,  had  service  lives  of  9  to  12  years.  Generally,  the 
service  life  began  with  a  period  of  active  service,  followed  by  a 
period  as  a  spare  or  used  for  leased  service.  All  have  been  turned 
off  and  moved  above  synchronous  orbit,  the  last  in  1987.  so  that 
they  cannot  interfere  with  active  satellites. 

****** 

1 .  J.  Alper  and  J.  N.  Pelton.  eds..  The  Intelsat  Global  System. 

Progress  in  Astronautics  and  Aeronautics.  Vol.  93.  AIAA. 

New  York  (1984). 

2.  Special  Issue  on  Intelsat  IV.  Comsat  Technical  Review.  Vol.  2. 

No.  2  (Fall  1972). 


53 


3.  S.  B.  Bennett  and  I.  Dostis.  "Design  of  the  Intelsat  IV  Tran¬ 
sponder."  Paper  72-535.  AlAA  4th  Communications  Satellite 
Systems  Conference  (April  1972).  Reprinted  in  Communica¬ 
tions  Satellite  Technology,  Progress  in  Astronautics  and  Aero¬ 
nautics,  Vol.  33.  P.  L.  Bargellini,  ed.  ( 1974). 

4.  C.  A.  Blackwell  and  M.  P.  Brown.  Jr.,  "Communication  Satel¬ 
lite  System  Design."  IEEE  Communication  Systems  and  Tech¬ 
nology  Conference  ( April  1974). 


5.  W.  L.  Pritchard  and  P.  L.  Bargellini.  "Trends  in  Technology 
for  Communications  Satellites."  Astronautics  and  Aeronau¬ 
tics.  Vol.  10.  No.  4  (April  1972). 

6.  A.  A.  McKenzie.  "Special  Report — Communications:  What's 
Up  in  Satellites,"  IEEE  Spectrum.  Vol.  9,  No.  5  (May  1972). 

7.  T.  Wilding-White.  "Intelsat  IV."  Flight  International  ( 1 8  Feb¬ 
ruary  1971). 


INTELSAT  IV-A 


The  North  Atlantic  area  has  always  had  the  largest  volume  of 
communications  traffic  and  is  the  area  that  paces  the  introduction 
of  higher  capacity  satellites  into  the  Intelsat  system.  By  1972. 
two  Intelsat  IV  satellites  operating  together  were  required  in  this 
area.  According  to  the  projections  of  capacity  demand,  these  two 
satellites  would  have  been  saturated  by  the  end  of  1975.  Provid¬ 
ing  more  capacity  would  require  either  a  third  Intelsat  IV  or  a  new 
satellite  of  larger  capacity.  Since  the  first  alternative  would  force 
several  ground  stations  to  construct  another  antenna.  Intelsat 
elected  to  develop  Intelsat  IV-A  1 1-10). 

The  support  subsystems  and  satellite  body  of  Intelsat  IV-A  are 
the  same  as  for  Intelsat  IV  except  for  more  efficient  solar  cells.  It 
has  five  communication  antennas:  global  coverage  receive,  global 
coverage  transmit,  spot  beam  receive,  and  two  spot  beam  trans¬ 
mit.  The  new  antennas  and  communication  electronics  allow  an 
increase  to  twenty  36-MHz  channels  from  the  twelve  on  Intelsat 
IV.  The  satellite  details  are  as  follows: 

Satellite 

Cylinder.  94-in.  dia..  1 1  l-in.  height  (275  in.  (23  ft)  overall! 

1820  lb  in  orbit,  beginning  of  life 

Solar  cells  and  NiCd  batteries.  590  W  at  beginning  of  life.  525  W 
at  end  of  life 

Spin-stabilized,  gyrostat,  approximately  50  rpm.  antenna  pointing 
error  <±0.25°  (N-S  axis)  and  <±0.2°  (E-W  axis) 

Solid  rocket  motor  for  apogee  maneuver,  hydrazine  monopropel¬ 
lant  for  on-orbit  use 

Configuration 

Twenty  36-MHz  bandwidth  single-conversion  repeaters,  dual 
beam  frequency  reuse 

Capacity 

Maximum  capacity  approximately  15.000  two-way  voice  cir¬ 
cuits:  nominal  capacity  in  a  typical  operational  configuration  is 
approximately  6000  two-way  voice  circuits  plus  two  transpon¬ 
ders  for  SPADE  and  TV  transmissions 

Transmitter 

3707  to  4 1 93  MHz 

Two  6-W  TWTs  (one  on.  one  standby)  for  each  of  the  four  global 
coverage  channels 

One  5-W  TWT  for  each  of  the  16  spot-beam  channels,  w  ith  one 
spare  TWT  for  every  two  channels 

Minimum  ERP  per  repeater  at  edge  of  coverage  29  <JB  W  (spot 
beam).  26  dBW  (hemispheric  beam).  22  dBW  (global  beam) 

Receiver 

5932  to  64 1 8  MHz 

Four  hemispheric  beam  receivers  (two  on.  two  standby) 


Intelsat  IV-A  satellite. 
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Two  global  beam  receivers  (one  on,  one  standby) 

8-dB  noise  figure.  -1 1.6  dB/K  G/T  (hemispheric  beam),  -17.6 
dB/K  G/T  (global  beam) 

Antenna 

Two  earth  coverage  horns  (one  transmit,  one  receive) 

Three  spot-beam  antennas  with  multiple  feeds  to  generate  cover¬ 
age  patterns  approximating  continental  shapes  (two  transmit,  one 
receive):  at  least  27-dB  isolation  between  eastern  and  western 
lobes  of  each  antenna:  each  antenna  is  approximately  square  ex¬ 
cept  for  rounded  corners,  54  in.  across  for  transmit.  35  in.  for  re¬ 
ceive 

All  antennas  mounted  on  a  despun  platform  and  circularly  polar¬ 
ized 

Design  life 

Seven  years 

Orbit 

Synchronous  equatorial,  stationkeeping  to  ±().1°N-S  and  E-W 

Orbital  history 

Satellite,  launch  date,  service  area,  and  comments: 


F-l,  25  September  1975,  service  life  exceeded  design  life,  then 
moved  above  synchronous  orbit 

F-2,  29  January  1976,  service  life  exceeded  design  life,  then 
moved  above  synchronous  orbit 

F-4.  26  May  1977,  service  life  exceeded  design  life,  then  moved 

above  synchronous  orbit 

F-5,  29  September  1977,  launch  vehicle  failure 

F-3,  6  January  1978.  service  life  exceeded  design  life,  then 

moved  above  synchronous  orbit 

F-6.  31  March  1978,  service  life  exceeded  design  life,  then 
moved  above  synchronous  orbit 
Atlas-Centaur  launch  vehicle 

Management 

Developed  by  Hughes  Aircraft  Company  and  subcontractors  in 
Western  Europe,  Japan,  and  Canada  for  Comsat  Corporation/in- 
telsat 

Operated  by  Intelsat 

Four  of  the  twenty  channels  on  Intelsat  IV-A  are  devoted  to 
global  coverage.  All  four  channels  pass  through  one  of  the  redun¬ 
dant  global  coverage  receivers.  Each  channel  has  redundant  6-W 
TWTs.  Sixteen  channels  are  connected  to  the  spot-beam  antennas 


(Same  for  8,  10,  12) 


Splits  power  between  outputs  in  any  proportion 

Intelsat  IV-A  eimununieation  subsystem. 


and  are  divided  into  A  and  B  groups,  each  with  eight  channels. 
All  the  channels  within  a  group  use  separate  frequencies,  but  the 
corresponding  channels  of  the  two  groups  (e.g.,  1 A  and  IB)  use 
the  same  frequencies.  There  are  four  receivers  for  these  channels, 
but  only  two  are  used  at  a  time  (one  for  each  group).  The  spot- 
beam  channels  use  5-W  TWTs.  w  ith  one  spare  TWT  available  for 
every  two  channels. 

The  spot-beam  antennas  have  east  and  west  beams  to  prevent 
interference  between  overlapping  channels;  the  A  channel  of  each 
pair  uses  one  beam,  and  the  B  channel  uses  the  other  beam.  The 
satellites  are  positioned  over  oceans,  w  ith  the  spot  beams  serving 
the  continental  areas  on  either  side  of  the  ocean.  (Any  terminals 
near  the  satellite  longitude  are  between  the  two  beams  and  must 
use  the  global  coverage  channels.)  There  is  at  least  27-dB  isola¬ 
tion  between  the  two  beams.  The  receive  antenna  has  two  sets  of 
feed  horns  that  produce  the  two  beams  (east  and  west).  One 
transmit  antenna  has  four  sets  of  feed  horns  that  produce  north¬ 
east.  northwest,  southwest,  and  southeast  beams.  The  eastern  pair 
of  beams  is  isolated  from  the  w  estern  pair,  but  the  north  and  south 
members  of  a  pair  are  not  isolated,  since  they  carry  no  overlap¬ 
ping  channels.  Six  channels  are  connected  to  the  west  beams  of 
this  antenna  and  six  to  the  east  beams.  Each  of  the  channels  con¬ 
nected  to  the  east  side  may  hav  e  its  power  split  in  any  proportion 
between  the  northeast  and  southeast  beams  and  similarly  for 
channels  connected  to  the  west  side.  The  other  transmit  antenna 
has  two  sets  of  feed  horns  that  produce  northeast  and  northwest 
beams,  and  two  channels  are  connected  to  each  of  these  beams. 
In  an  optional  mode,  two  of  these  channels  may  be  switched  to  a 
global  coverage  antenna,  in  which  case  the  other  two  must  be 
turned  off.  A  considerable  number  of  switches  in  the  communi¬ 
cation  subsystem  allow  great  flexibility  in  routing  signals,  subject 
only  to  the  constraint  that  the  A  and  B  channels  of  any  one  pair 
are  not  simultaneously  on  the  same  beam. 

Each  beam  on  both  the  receive  and  transmit  antennas  is 
formed  by  a  set  of  feed  horns  that  shapes  the  beams  for  coverage 
of  the  proper  land  masses.  The  coverage  being  used  is  adequate 
for  Atlantic.  Pacific,  and  Indian  Ocean  areas  w  ith  fixed  feed  horns 
and  fixed  reflectors,  with  only  one  exception.  This  fact  simplifies 
the  satellites,  since  no  antenna  gimbaling  is  required;  it  also  al¬ 
lows  the  flexibility  to  move  a  satellite  from  one  ocean  area  to  an¬ 
other.  The  exception  to  the  general  coverage  is  an  additional  feed 
horn  that  must  be  switched  into  the  west  receive  beam  and  south¬ 


west  transmit  beam  to  provide  adequate  coverage  of  New  Zeal¬ 
and  from  an  Intelsat  IV-A  in  the  Pacific  region. 

At  first,  three  Intelsat  IV-A  satellites  were  ordered,  followed 
by  a  second  order  for  three  more  in  1974.  All  six  were  launched 
between  September  1975  and  March  1978.  The  first  three  were 
placed  into  service  in  the  Atlantic  region;  they  were  turned  off 
and  moved  above  synchronous  orbit  in  the  mid-1980s.  The 
fourth  was  lost  as  the  result  of  a  launch  vehicle  failure.  The  last 
two  were  in  the  Indian  Ocean  region  for  several  years,  then 
moved  to  the  Pacific  region  when  replaced  by  two  Intelsat  V  sat¬ 
ellites.  They  were  in  use  until  1989. 
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INTELSAT  V 


Forecasts  of  Intelsat  traffic  project  steady  increases  and.  con¬ 
sequently.  new  model  satellites  must  be  introduced  into  the  sys¬ 
tem  at  intervals  of  about  four  to  five  years.  The  Intelsat  IV-A 
satellites  were  first  used  in  1975.  These  satellites  provided  a 
moderate  capacity  increase  without  requiring  significant  ground 
terminal  changes.  However,  further  capacity  increases  were  not 
practical  with  a  simple  stretching  of  the  Intelsat  IV/IV-A  design, 
so  development  of  a  new  satellite  was  begun  in  1976.  The  new 
satellite  (Intelsat  V)  is  in  use  in  all  three  ocean  regions. 

The  Intelsat  V  satellites  1 1  -2 1 1  have  two  new  design  features 
that  require  significant  ground  terminal  changes.  The  first  feature 
is  the  use  of  dual-polarization  uplinks  and  downlinks  in  the  4-  and 
6-GH/  bands.  All  previous  Intelsat  satellites  used  one  polariza¬ 
tion  for  uplinks  and  the  orthogonal  polarization  for  downlinks. 
This  change  requires  improvements  at  all  ground  terminals  to  en¬ 


sure  isolation  between  the  two  polarizations.  The  dual  polariza¬ 
tions  are  combined  with  the  two  independent  beams  (east  and 
west)  introduced  on  Intelsat  IV-A.  Together,  these  techniques  tri¬ 
ple  the  satellite  capacity  in  the  4-  and  6-GHz  bands,  compared 
with  the  Intelsat  IV  design.  The  second  new  feature  is  the  use  of 
the  II  -  and  14-GHz  bands,  and  two  independent  beams  are  used 
with  these  bands  also.  The  nations  w  ith  the  largest  traffic  vol¬ 
umes  will  use  these  new  frequencies  and  must  construct  new  ter¬ 
minals  for  them. 

The  Intelsat  V  satellites  have  a  rectangular  body  about  6  ft 
across.  The  sun-tracking  solar  arrays,  composed  of  three  panels 
each,  are  deployed  in  orbit.  On  the  earth-viewing  face  of  the 
body  is  an  antenna  tower  on  which  are  mounted  both  the  commu¬ 
nications  and  telemetry,  tracking,  and  command  (TT&C)  anten¬ 
nas  and  the  feed  networks  for  the  large  reflectors.  The  tower  is 
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fixed  to  the  satellite  body,  but  the  three  largest  reflectors  deploy  in 
orbit.  The  tower  is  abou.  15  ft  tall  and  is  constructed  almost  en¬ 
tirely  of  graphite  fiber/epoxy  materials  for  strength,  light  weight, 
and  thermal  stability.  The  entire  satellite  weighs  about  2200  lb  in 
orbit  and  spans  about  5 1  ft  across  the  solar  arrays. 

The  communication  subsystem  operates  at  the  4-  and  6-GHz 
frequencies  used  by  all  previous  Intelsat  satellites  as  well  as  at  II 
and  14  GHz.  The  4-  and  6-GHz  bands  have  twenty-one  transpon¬ 
ders.  sixteen  with  72-  or  77-MHz  bandwidths  and  five  with  36-  or 
41 -MHz  bandwidths.  The  sixteen  wider  transponders  are  operat¬ 
ed  with  fourfold  frequency  reuse;  there  are  four  separate  frequen¬ 
cies.  each  with  four  transponders.  Within  each  co-frequency  set, 
two  transponders  are  assigned  to  west  beams  and  two  to  east 
beams.  Thus,  these  transponder  pairs  are  kept  independent  by  the 
angular  separation  of  the  beams — the  same  technique  used  on  In¬ 
telsat  IV-A.  The  pairs  that  share  a  common  frequency  and  direc¬ 
tion  are  kept  independent  by  the  assignment  of  one  to  a 
hemispheric  beam  and  one  to  a  smaller  zone  beam.  These  beams 
are  separated,  not  by  direction,  but  by  orthogonal  polarizations. 
Of  the  five  narrower  transponders,  two  use  the  east  and  west 
beams  for  twofold  frequency  reuse  and  the  other  three  are  global 
beams.  The  pair  of  narrow  reuse  transponders  and/or  one  pair  of 
hemispheric  beam  reuse  transponders  can  be  switched  to  use  one 
of  each  pair  for  additional  global  service  with  the  other  turned  off. 
For  all  of  the  reuse  transponders,  several  possible  transmit  and  re¬ 
ceive  connections  are  possible,  as  shown  in  the  communication 
subsystem  block  diagram. 

The  1 1-  and  14-GHz  bands  have  six  transponders,  two  each  of 
72-.  77-.  and  241 -MHz  bandwidths.  They  are  used  in  twofold 
frequency  reuse  through  east  and  west  spot  beams.  These  tran¬ 
sponders  may  be  operated  only  at  1 1  and  14  GHz  or  may  be  cross 
connected  with  the  other  frequencies.  For  example,  one  tran¬ 
sponder  may  be  switched  to  14-GHz  receive  and  4-GHz  transmit 
and  another  to  6-GHz  receive  and  1 1-GHz  transmit.  The  4-  and 
6-GHz  signals  pass  through  the  satellite  with  a  single  frequency 
conversion,  whereas  all  II  -  and  14-GHz  signals  use  a  4-GHz  in¬ 
termediate  frequency  so  that  all  interconnections  can  be  done  at  a 
common  frequency. 

The  4/6-GHz  hemispheric  and  zone  beams  are  formed  by  one 
transmit  and  one  receive  antenna.  Each  is  composed  of  a  parabol¬ 
ic  reflector  and  an  88-horn  feed.  These  beams  are  not  steerable, 
but  there  are  switches  in  the  zone  beam  feed  matrices,  because  the 
pattern  required  for  the  satellite  serving  the  Indian  Ocean  is  dif¬ 
ferent  from  that  required  for  the  Atlantic  and  Pacific  regions.  The 


1 1/14-GHz  spot  beams  are  formed  by  parabolic  reflectors  that  are 
each  steerable  over  a  limited  portion  of  the  Northern  Hemisphere. 

The  initial  Intelsat  V  contract  was  for  seven  satellites;  later  an 
eighth  and  then  a  ninth  were  added  to  the  contract.  (The  satellites 
called  Intelsat  V  F- 10  to  F- 1 5  are  the  Intelsat  V-A  series.)  The 
first  launch  was  in  December  1980;  the  last,  the  only  failure,  in 
1985.  The  eight  satellites  successfully  launched  have  operated 
properly  and  all  were  still  in  use  at  the  end  of  1990.  The  Intelsat 
V  characteristics  are  summarized  as  follows: 

Satellite 

Rectangular  body  5.4  x  5.8  x  6.6  ft.  51  ft  across  tips  of  deployed 
solar  arrays.  2 1 .7-ft  height  to  top  of  antenna  tower 
Approximately  2280  lb  in  orbit,  beginning  of  life;  approximately 
1820  lb  end  of  life  (satellites  with  the  maritime  subsystem  are 
about  80  lb  more) 

Sun-tracking  solar  arrays  and  NiCd  (NiH,  for  F-5  to  F-9)  batter¬ 
ies.  approximately  1800  W  beginning  of  life.  1290  W  minimum 
after  seven  years 

Three-axis  stabilization  using  momentum  wheels,  antenna  point¬ 
ing  accuracy  ±0.2  deg  in  pitch  and  roll.  ±0.5  deg  in  yaw 
Solid  rocket  motor  for  apogee  maneuver,  hydrazine  monopropel¬ 
lant  for  on-orbit  use 

Configuration 

4/6  GHz:  twenty-one  single-conversion  repeaters  with  band- 
widths  of  36  to  77  MHz.  dual-beam  and  dual-polarization  fre¬ 
quency  reuse 

11/14  GHz:  six  double-conversion  repeaters  with  bandwidths  of 
72  to  241  MHz.  dual-beam  frequency  reuse 

Capacity 

Nominal  capacity  in  a  typical  operation  configuration  is  12.000 
two-way  voice  circuits  plus  two  TV  transmissions 

Transmitter 

4/6  GHz:  3704  to  4 198  MHz 

Global  beam:  one  8.5-W  TWT  per  repeater  plus  one  spare 
per  repeater 

Hemispheric  beam:  one  8.5-W  TWT  per  repeater  plus  one 
spare  per  two  repeaters 
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Intelsat  V  antenna  patterns,  (a)  Atlantic  Ocean;  (b)  Indian  Ocean. 


Zone  beam:  one  4.5-W  TWT  per  repeater  plus  one  spare  per 
two  repeaters 

ERP  (speeified  minimum):  23.5  dBW  (global  beam);  26 
dBW  (hemispheric  or  zone  beam.  36-MHz  repeaters);  29 
dBW  (hemispheric  or  zone  beam,  72-  to  77-MHz  repeaters) 

1 1/14  GHz:  10.954  to  11.191  GHz.  and  11.459  to  1 1.698  GHz 
One  10-W  TWT  per  repeater  (one  for  one  redundancy  for 
241 -MHz  repeaters,  one  for  two  redundancy  for  72-  to  77- 
MHz  repeaters) 

ERP  (specified  minimums):  41.1  dBW  (east  spot),  44.4  dBW 
(west  spot) 

Receiver 

4/6  GHz:  5929  to  6423  MHz. 

Five  active  receivers  with  six  spares,  bipolar  preamplifiers 
(F-l  to  F-4).  FET  preamplifiers  (F-5  to  F-9) 

G/T:  -18.6  dB/K  (global  beam).  -1 1.6  dB/K  (hemispheric 
beam).  -8.6  dB/K  (zone  beam),  all  minimum  values  (all  im¬ 
prove  2.6  dB  for  F-5  to  F-9). 

1 1/14  GHz:  14.004  to  14.498  GHz 

Two  active  receivers  with  two  spares,  tunnel  diode  preampli¬ 
fiers  (F-l  to  F-6).  FET  preamplifiers  (F-7  to  F-9) 

G/T:  0.0  dB/K  (east  spot).  +3.3  dB/K  (west  spot),  both  mini¬ 
mum  values 

Antenna 

4/6  GHz:  two  earth  coverage  horns  (one  transmit,  one  receive): 
18-deg/22-deg  beamwidths.  1 6.5-dB/14.5-dB  minimum  gains; 
two  reflectors  (96-in.  dia.  transmit.  61 -in.  dia.  receive),  each  with 
88-horn  feeds,  each  generating  two  hemispheric  beams  (21.5-dB 
minimum  gain)  and  two  smaller  zone  beams  (24.5-dB  minimum 
gain):  zone  beams  each  overlap  a  portion  of  one  of  the  hemi¬ 
spheric  beams  and  are  separated  by  orthogonal  polarizations; 
beam  shapes  are  optimized  to  cover  specified  terminal  locations: 
circular  polarization:  minimum  interbeam  spatial  or  polarization 
isolation  27  dB 


11/14  GHz:  two  reflectors  (one  east,  one  west),  each  generating 
one  beam  for  transmission  and  reception:  west  beam  is  1.6  deg 
with  minimum  gain  of  36  dB.  east  beam  is  1 .8  deg  x  3.2  deg  with 
minimum  gain  of  33  dB;  each  beam  steerable  over  a  limited  por¬ 
tion  of  the  earth;  linear  polarization;  minimum  interbeam  spatial 
isolation  33  dB 

Design  life 

Ten  years 

Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0. 1°N-S  and  E-W 

Orbital  history 

Satellite,  launch  date,  service  area,  and  comments: 

F-2.  1 1  December  1980.  Atlantic.  22°W  longitude 

F-l.  23  May  1981.  Pacific.  I77°E  longitude 

F-3.  15  December  1981.  Pacific.  I77°E  longitude 

F-4.  5  March  1982.  Atlantic.  34.5°W  longitude 

F-5.  28  September  1982.  Indian.  66°E  longitude 

F-6.  19  May  1983,  Atlantic,  18.5°W  longitude 

F-7.  19  October  1983.  moved  out  of  synchronous  orbit  in  1990 

F-8.  4  March  1984.  Pacific.  180°W  longitude 

F-9.  launch  vehicle  failure.  June  1985.  left  satellite  in  low  orbit. 

from  which  it  decayed  October  1 985 

Atlas-Centaur  launch  vehicle  (F-l  to  F-6.  F-9) 

Ariane  launch  vehicle  (F-7  to  F-8) 

Management 

Developed  by  Ford  Aerospace  and  Communications  Corporation 
for  Comsat  Corporation/Intelsat,  approximately  23 c/<  subcon¬ 
tracted  to  companies  in  France.  West  Germany.  United  Kingdom. 
Japan,  and  Canada 
Operated  by  Intelsat 


In  mid- 1978,  Intelsat  began  a  detailed  study  of  the  addition  of 
a  maritime  communication  subsystem  (MCS)  to  some  of  the  In¬ 
telsat  V  satellites.  This  subsystem  has  been  developed  for  use  as 
part  of  the  Inmarsat  system  space  segment.  It  was  added  to  Satel¬ 
lite  5  launched  in  September  1982  and  also  Satellites  6  through  9. 

The  maritime  subsystem  makes  use  of  some  of  the  global 
beam  equipment  of  the  basic  communications  payload.  An  L- 
band  (1.5/1.6-GHz)  antenna  and  some  communications  equip¬ 
ment  have  been  added,  as  shown  in  the  MCS  block  diagram.  Sev¬ 
eral  other  modifications  were  added  to  the  satellite  beginning 
with  the  fifth  flight  model.  These  modifications  were  primarily  to 
increase  reliability  and  reduce  weight,  the  latter  partially  compen¬ 
sating  for  the  maritime  subsystem  addition.  Because  of  power 
subsystem  limitations,  not  all  the  maritime  and  1 1 -GHz  capacity 
can  be  used  simultaneously.  This  is  acceptable  to  Intelsat,  be¬ 
cause  the  1 1-GHz  transponders  are  not  expected  to  be  used  on  all 
of  the  satellites.  The  maritime  subsystem  performance  details  are 
as  follows: 

Configuration 

Coast  to  ship:  one  double  conversion  repeater  with  a  7.5-MHz. 
bandwidth 

Ship  to  coast:  one  single  conversion  repeater  with  an  8-MHz. 
bandwidth 

Capacity 

Thirty  voice  circuits  (high  power  mode)  or  fifteen  voice  circuits 
(low  power  mode) 

Transmitter 

L-band:  1535.0  to  1542.5  MH/;  two  transistor  amplifiers  (one  ac¬ 
tive.  one  spare)  70-  or  35- W  output 

F.RP:  >32.6  dBW  at  edge  of  coverage  (high  power  mode)  or 
>29.6  dBW  (low  power  mode) 

C'-band:  4192.5  to  4200.5  MHz;  two  4.5-W  TWTs  (one  active, 
one  spare) 


ERP:  20  dBW  at  edge  of  coverage 

Receiver 

L-band:  1636.5  to  1644.5  MHz:  two  receivers  (one  active,  one 
spare) 

G/T:  >-15  dB/K 

C-band:  6417.5  to  6425  MHz;  four  receivers  (two  active,  two 
spare)  shared  with  global  coverage  beam  of  basic  payload 
GAT:  >-17.6  dB/K 

Antenna 

L-band:  one  quad  helix  array,  earth  coverage.  14-dB  gain  at  edge 
of  coverage.  18-deg  beamwidth.  steerable  ±2°E-W.  circular  po¬ 
larization 

C-band:  uses  earth  coverage  horns  of  the  basic  payload 
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INTELSAT  V-A 


Intelsat  V-A  [  1  -4 1  is  a  modification  of  the  Intelsat  V  design. 
Development  started  late  in  1979.  As  with  previous  changes  to 
Intelsat  satellites,  the  primary  goal  is  to  increase  satellite  capacity 
to  keep  ahead  of  traffic  growth  in  the  Atlantic  region. 

Externally,  the  satellite  appears  almost  identical  to  Intelsat  V; 
internally,  several  changes  were  made  to  improve  performance, 
reliability,  and  communications  capacity.  Several  weight-saving 
measures  were  taken  to  compensate  for  the  additional  communi¬ 
cations  hardware.  The  internal  arrangement  of  the  communica¬ 
tions  hardware  was  modified  for  thermal  balance.  The  satellite 
details  given  here  are  in  many  cases  identical  to  those  for  Intelsat 
V.  Intelsat  V-A  satellites  do  not  have  the  MCS. 

Satellite 

Rectangular  body  5.4  x  5.8  x  6.6  ft.  51  ft  across  tips  of  deployed 
solar  arrays,  2 1 ,7-ft  height  to  top  of  antenna  tower 
Approximately  2420  lb  in  orbit,  beginning  of  life 
Sun-tracking  solar  arrays  and  NiH2  batteries,  approximately 
1 800  W  beginning  of  life.  1 280  W  minimum  after  seven  years 
Three-axis  stabilization  using  momentum  wheels,  antenna  point¬ 
ing  accuracy  ±0.2  deg  in  pitch  and  roll.  ±0.4  deg  in  yaw 
Solid  rocket  motor  for  apogee  maneuver,  hydrazine  monopropei- 
lanl  for  on-orbit  use 

Configuration 

4/6  GHz:  twenty-six  single-conversion  repeaters  with  bandwidths 
of  36  to  77  MHz.  dual-beam  and  dual-polarization  frequency  re¬ 
use 

1 1/14  GHz:  six  double-conversion  repeaters  with  bandwidths  of 
72  to  241  MHz.  dual-beam  frequency  reuse 


Capacity 

Nominal  capacity  in  a  typical  operation  configuration  is  15.000 
two-way  voice  circuits  plus  two  TV  transmissions 

Transmitter 

4/6  GHz:  3704  to  4 1 98  MHz 

Global  beam-  one  8.5-W  TWT  per  repeater  plus  one  spare 
per  repeater 

Hemispheric  beam:  one  8.5-W  TWT  per  repeater  plus  one 
spare  per  two  repeaters 

Zone  beam:  one  4.5-W  TWT  per  repeater  plus  one  spare  per 
two  repeaters 

ERP  (specified  minimum):  27.5  dBW  (global  beam)  (3  dB 
larger  for  Channel  7-8):  26  dBW  (hemispheric  or  zone  beam. 
36-MHz  repeaters):  29  dBW  (hemispheric  or  zone  beam.  72- 
to  77-MHz  repeaters):  32.5  dBW  (spot)  (3  dB  larger  for 
Channel  7-8) 

11/14  GHz:  10.954  to  11.191  GHz.  and  11.459  to  11.698  GHz 
(plus  option  to  switch  from  the  lower  band  to  1 1.7  to  1 1.95  GHz 
or  12.5  to  12.75  GHz.  on  F-4  to  F-6) 

One  10-W  TWT  per  repeater  (one  for  one  redundancy  for 
24 1 -MHz  repeaters,  one  for  two  redundancy  for  72-  to  77- 
MHz  repeaters) 

ERP  (specified  minimums):  41.1  dBW  (east  spot).  14.4dBW 
(west  spot) 

Receiver 

4/6  GHz:  5929  to  6423  MHz 
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Six  active  receivers  wim  six  spares.  FFT  preampliliers.  4.3 
<J B  receiver  noise  figure 

G/T:  -16.0  dB/K  (global  beam).  -9.0  dB/K  (hemispheric 
beam).  -6.0  dB/K  ( /one  beam),  all  minimum  values.  PUT 
preampliliei  - 

14  GH/:  14.004  to  14.498  GHz 

Two  active  receivers  with  two  spares.  FFT  preampliliers.  6.8 
clB  receiver  noise  figure 

G/T:  +1  dB/K  (east  spot).  +4.3  dB/K  (west  spot),  both  mini¬ 
mum  values 

Antenna 

4/6  GH/:  two  earth  coverage  horns  (one  transmit,  one  receive): 
I 8-deg/22-deg  beamwidths.  16.5-dB/l4.5-dB  minimum  gains: 
two  reflectors  (96-in.  dia.  transmit.  61-in.  dia.  receive),  each  with 
88-horn  feeds,  each  generating  two  hemispheric  beams  (21.5-dB 
minimum  gain)  and  two  smaller  /one  beams  (24.5-dB  minimum 
gain):  /one  beams  each  overlap  a  portion  of  one  of  the  hemi¬ 
spheric  beams  and  are  separated  by  orthogonal  polarizations: 
beam  shapes  are  optimized  to  cover  specified  terminal  locations: 
one  feed  horn  is  associated  with  each  of  the  I l/14-GHz  reflectors 
for  transmission  only.  5-deg  beamwidth.  26.2-dB  minimum  gain: 
circular  polarization:  minimum  interbeam  spatial  or  polarization 
isolation  27  dB 

1 1/14  GHz:  two  reflectors  (one  east,  one  west)  each  generating 
one  beam  for  transmission  and  reception:  west  beam  is  1.6  deg 
with  minimum  gain  of  36  dB.  east  beam  is  1 .8  deg  x  3.2  deg  w  ith 
minimum  gain  of  33  dB:  each  beam  steerable  over  a  limited  por¬ 
tion  of  the  earth:  linear  polarization:  minimum  interbeam  spatial 
isolation  27  dB 

Design  life 

Ten  years 

Orbit 

Sy  nchronous  equatorial,  slationkeeping  to  ±0. 1  N-S  and  l£-W 

Orbital  history 

Intelsat  V-A  satellites  are  often  called  Intelsat  V  F-10  to  F-15 
Satellite,  launch  date,  service  area,  and  comments: 

1-1.  22  March  1985.  Pacific.  174  H  longitude 

F-2.  30  June  1985.  Indian.  63  H  longitude 

F-3.  29  September  1985.  Atlantic.  I  W  longitude,  leased  serv  ice 

F-5.  Launch  vehicle  failure  May  1986 

F-4.  1 7  May  1988.  Atlantic.  53  W  longitude.  leased  serv  ice 

F-6.  26  January  1989.  Indian.  60  L  longitude 

Atlas-Centaur  launch  vehicle  (F-!  to  F-3i 

Ariane  launch  vehicle  (F-4  to  F-6) 


Management 

Developed  by  Ford  Aerospace  and  Communications  Corporation 
and  subcontractors  from  France.  West  Germany,  the  United  King¬ 
dom.  Italy.  Japan,  and  Canada,  for  Intelsat 
Operated  by  Intelsat 

In  the  communications  subsystem,  three  global  beam  tran¬ 
sponders  were  added.  They  use  the  same  frequency  as  the  exist¬ 
ing.  dedicated  global  beam  transponders  but  use  the  opposite 
polarization.  Two  Channel  9  zone  beam  transponders  were  also 
added.  They  are  separated  from  each  other  by  the  spatial  discrim¬ 
ination  between  the  east  and  west  zone  beams.  They  are  separat¬ 
ed  from  the  existing  Channel  9  transponders  by  opposite 
polarizations.  Another  communications  subsystem  change  is  the 
addition  of  4-GHz  feed  horns  to  the  steerable  east  and  west  spot- 
beam  antennas,  w  hich  were  prev  iously  used  only  at  1 1  and  14 
GHz.  The  channels  received  on  the  global  beams  can  be 
switched,  in  groups,  between  global  transmit  beams  and  these 
new  5-deg  beams.  These  beams  are  intended  for  use  w  ith  tran¬ 
sponders  leased  by  Intelsat  for  domestic  communications  sys¬ 
tems.  The  last  three  satellites  have  the  capability  to  switch 
channels  ( 1-2)  and  (5-6)  between  the  10.95-  to  1 1.2-GHz  band, 
available  on  all  Intelsat  Vs  and  V-As.  and  the  1 1.7-  to  1 1.95-GHz 
or  12.5-  to  12.75-GHz  bands.  These  latter  bands  will  allow  Intel¬ 
sat  more  flexibility  in  the  use  of  international  frequency  alloca¬ 
tions  and  are  specifically  intended  for  a  new  Intelsat  Business 
Serv  ice  to  smaller  ground  terminals.  (Satellites  with  the  business 
services  modification  are  occasionally  called  Intelsat  V-AB  or  V- 
B). 

The  first  Intelsat  V-A  was  launched  in  March  1985.  Two  oth¬ 
ers  were  launched  later  in  1985.  A  fourth  was  lost  in  a  launch  ve¬ 
hicle  failure  in  1986.  The  last  two  were  launched  in  1988  and 
1989.  All  five  satellites  are  in  use. 
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PAN  AMERICAN  SATELLITE 


In  1984.  Pan  American  Satellite  |  I  -7 1  was  one  of  several  com¬ 
panies  requesting  Federal  Communications  Commission  (I  CC) 
permission  to  operate  a  private  international  satellite  communica¬ 
tions  system.1  In  contrast  to  the  other  applications,  which  were 
for  transmissions  between  the  United  States  and  western  Furope. 
Pan  American  Satellite's  application  was  for  serv ices  within  Latin 
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America  and  between  the  United  States  and  Latin  America.  They 
received  preliminary  I  CC  approval  in  1985. 

Pan  American  Satellite's  lirst  customer  was  in  Peru.  This  ser- 
vice  was  coordinated  technically  and  economically  with  Intelsat 
m  1987.  Later  that  year,  the  company  received  its  final  I  CC  au¬ 
thorization  and  launched  its  satellite  in  1988  However,  the  satel¬ 
lite  that  was  launched  was  not  limited  to  the  Latin  American 
serv  ice  originally  env  isioned  It  also  has  the  capability  to  prov  ide 
services  between  the  United  States  and  Furope 
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Pan  American  Satellite 


Transmitter 


4/6  GHz:  3700  to  4200  MHz 


This  change  was  the  result  of  two  business  deals.  The  first  was 
the  purchase,  in  1985.  of  a  partially  built  but  unwanted  satellite 
ordered  by  American  Satellite  Corporation  ( ASC).  This  satellite, 
which  was  completed  for  Pan  American  Satellite,  had  12/14-GHz 
transponders  in  addition  to  4/6-GHz  transponders.  The  latter  al¬ 
ready  had  been  planned  for  Latin  American  service:  the  former 
were  well  suited  to  transatlantic  service.  The  primary  change  in 
the  satellite  was  an  antenna  redesign  to  provide  the  beam  shapes 
and  locations  required  by  Pan  American  Satellite.  This  technical 
capability  to  serve  Europe  was  complimented  by  the  second  busi¬ 
ness  deal:  the  purchase,  in  1987,  of  Cygnus  Satellite  Corporation 
which  had  preliminary  FCC  approval  for  transatlantic  services. 

Except  for  its  antenna  beam  patterns,  the  satellite  is  similar  to 
many  built  for  United  States  domestic  communication  systems. 
It  has  a  box-shaped  body  with  solar  panels  that  deploy  in  orbit. 
The  antennas  are  fixed  on  the  earth-view  ing  face  of  the  satellite. 
The  4/6-GHz  part  of  the  communication  subsystem  is  used  for 
Latin  American  service.  The  transponders  can  be  switched  be¬ 
tween  a  broad  Latin  beam,  which  covers  Central  and  South 
America  and  the  Caribbean,  and  three  spot  beams,  which  together 
cover  the  same  parts  of  the  globe.  The  12/14-GHz  part  of  the 
communication  subsystem  is  for  transatlantic  service.  For  trans¬ 
mission.  three  transponders  are  connected  to  the  European  beam 
and  three  to  the  United  States  beam.  Uplinks  from  either  conti¬ 
nent  can  be  routed  to  any  transponder.  Additional  satellite  and 
payload  details  are  as  follows: 

Satellite 

Box  body,  about  5  ft  on  a  side;  height  including  antenna  and  feeds 
about  10  ft:  52- ft  span  across  deployed  solar  panels 
1 560  lb  in  orbit,  beginning  of  life 

Sun-tracking  solar  arrays  and  NiH,  batteries,  approximately  1300 
W  after  ten  years 

Three-axis  stabilization,  approximately  ±0.2-dcg  accuracy 
Solid  rocket  motor  for  apogee  maneuver,  liquid  propulsion  for 
on-orbit  use 


8.5-W  transistor  amplifiers  for  36-MHz  transponders  in  two 
sets  of  seven  amplifiers  for  six  transponders 
16.2-WTWTAs  for  72-MHz  transponders  in  two  sets  of  four 
amplifiers  for  three  transponders 

Beam  center  ERPs:  37.5/39.5  dBW  for  Latin  beam.  40/42.5 
dBW  for  spot  North  and  Central  beams  (36/72-MHz  tran¬ 
sponders).  1.5  dB  lower  for  South  beam 
12/14  GHz:  1 1.45  to  1 1.7  GHz  (to  Europe).  1 1.7  to  1 1.95  GHz  (to 
United  States) 

Seven  16.2-W  TWTAs  for  six  transponders 

Beam  center  ERPs:  45.5  dBW  (United  States).  47.5  dBW 

(Europe) 

Receiver 

4/6  GHz:  5925  to  6425  MHz 

Two  active  receivers  plus  two  spares 
Peak  G/T  -0.5  dB/K 
12/14  GHz:  14.0  to  14.5  GHz 

One  active  receiver  plus  one  spare 
Peak  G/T  0  dB  K 

Antenna 

4/6  GHz:  Latin  beam  covers  Central  and  South  America  and  the 
Caribbean;  North  spot  beam  covers  northwestern  South  America. 
Central  America,  and  the  Caribbean:  Central  spot  beam  covers 
central  and  west-central  South  America:  South  spot  beam  covers 
southern  South  America 

12/14  GHz:  United  States  beam  covers  the  United  States,  except 
for  the  Pacific  time  zone,  plus  southeastern  Canada:  European 
beam  covers  west  and  east  Europe  except  northern  Scandinavia 

Design  life 

Ten  years  nominal,  thirteen  years  expected 

Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0. 1  N-S  and  E-W 
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Orbital  history 

t:  launched  15  June  1988.  45°W  longi¬ 
tude 

Ariane  launch  vehicle 

Management 

Developed  hv  RCA  Astro  Electronics 
(now  GE  Astro-Space)  for  Pan  American 
Satellite 

Satellite  control  and  monitoring  by  Con- 
tel  ASC  for  Pan  American  Satellite 

Since  u.s  satellite  launch  in  1988.  Pan 
American  Satellite,  through  its  marketing 
and  managing  corporate  alter  ego.  Alpha 
Lyracom  Space  Communications,  has 
reached  agreements  with  customers  in 
many  nations.  In  addition  to  these  com¬ 
mercial  agreements,  the  ground  station 
operator  in  each  country  had  to  receive 
approval  from  its  government,  and  the 
service  had  to  pass  through  the  Intelsat 
coordination  process.  The  successes  in 
these  arenas  between  mid- 1988  and  the 
end  of  1990  was  a  sharp  contrast  w  ith  the 
near  total  lack  of  success  in  prior  years. 

Pan  American  Satellite  now  provides 
both  public  and  private  domestic  com¬ 
munications  in  many  Central  and  South 
American  countries.  The  communica¬ 
tions  are  primarily  television.  It  also  has 
many  customers  for  international  televi¬ 
sion  distribution  and  exchange  of  televi¬ 
sion  programs  between  broadcasters  in 
various  countries.  Other  services  are  international  business  net¬ 
works  and  international  data  distribution.  Either  full-time  or  oc¬ 
casional-use  services  have  linked  or  will  link  almost  all  Latin  and 
European  nations.  Links  between  Latin  and  European  nations  are 
not  possible  directly  through  the  satellite,  but  they  are  realized  by 
double-hop  transmission  through  a  Pan  American  Satellite 
ground  station  in  Florida. 

In  August  1991.  Pan  American  Satellite  awarded  a  contract  for 
the  development  of  three  new  satellites,  each  with  forty-eight 
transponders.  The  first  launch  is  planned  for  1994. 
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INTELSAT  VI 


The  Intelsat  V  satellites  were  introduced  into  the  Intelsat  sys¬ 
tem  in  1981 .  However,  studies  of  higher  capacity  satellites  using 
new  or  improved  technologies  had  begun  several  years  earlier. 
The  major  technologies  considered  were  increased  frequency  re¬ 
use.  use  of  new  ly  allocated  portions  of  spectrum  adjacent  to  exist¬ 
ing  4/6-GH/  and  1 1/14-GHz  bands,  active  switching  on- hoard  the 
satellite,  increased  ERP  in  some  channels,  and  intersatellite  links. 


The  actual  Intelsat  VI  design  1 1  - 1 5 1  incorporates  all  except  the 
last. 

The  satellite  is  a  new  design  but  incorporates  features  from  the 
Leasat  and  HS-376  designs.  (The  latter  is  used  for  SBS.  Anik  ('. 
and  many  other  domestic  communications  satellites.)  The  basic 
satellite  body  is  about  1 1  ft  in  diameter  and  about  6-1/2  ft  high. 
The  upper  portion  of  the  cylindrical  surface  of  this  section  is  a 
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thermal  radiator;  the  lower  portion  is  part  of  the  solar  array.  The 
remainder  of  the  solar  array  is  a  drum  about  12-1/2  ft  high,  which 
(its  around  the  main  body  during  launch  and  is  deployed  in  orbit 
to  the  configuration  shown  in  the  satellite  figure.  Small  adjust¬ 
ments  to  the  deployed  position  can  be  made 
to  maintain  the  in-orbit  balance  of  the  __ 

satellite.  The  main  body  includes  a  / 
liquid  propellant  system,  which  / 
is  used  for  both  the  apogee  boost  / 
maneuver  and  for  on-orbit  sta-  / 
tionkeeping  and  attitude  con¬ 
trol  adjustments.  Satellite  and 
communication  subsystem  de¬ 
tails  are  as  follows:  \ 

Satellite  \ 

Cylinder,  142-in.  ( 1 1.8-ft)  dia..  'S.  / 

stowed  height  210  in.  ( 17.5  ft),  main  ' - - . 

section  approximately  86-in.  height,  de-  L 

ployed  section  approximately  149-in.  height  1 

[464  in.  (38.7  ft)  overall)  1 

Approximately  4600  lb  in  orbit,  beginning  of  life,  4130  lb  ^ 
at  end  of  life 

Solar  cells  and  NiHn  batteries,  more  than  2600  W  begin-  ( 
ning  of  life,  approximately  2200  W  at  end  of  life 
Spin-stabilized,  gyrostat,  approximately  30  rpm,  antenna  pointing 
accuracy  ±0.05  deg 

Bipropellant  liquid  propulsion  for  apogee  maneuver  and  on-orbit 


Intelsat  VI  satellite. 


Configuration 

4/6  GHz.:  Thirty-eight  single-conversion  repeaters  with  band- 
widths  of  36  to  72  MHz.  sixfold  frequency  reuse  except  in  global 
beams 

11/14  GHz:  Ten  double-conversion  repeaters  with  bandwidths  of 
72  to  159  MHz;  dual-beam  frequency  reuse 

Capacity 

Nominal  capacity  approximately  24.000  two-way  voice  circuits 
(capacity  approximately  1 20.000  circuits  with  full  use  of  digital 
circuit  multiplication  techniques)  plus  three  TV  transmissions 

Transmitter 

4/6  GHz:  3629  to  4198  MHz. 

Global  beam:  one  16-W  TWT  per  repeater 

Hemispheric  beam:  eight  repeaters  have  20-W  TWTs.  two 

have  40- W  TWTs 

Zone  beam:  one  5.5-W  TWT  per  SE  and  SW  repeater,  one  2- 
W  FET  amplifier  per  NE  and  NW  repeater 
All  amplifiers  have  one  spare  per  two  repeaters 
Minimum  ERP:  26  dBW  (global  beam).  34-37  dBW  (hemi¬ 
spheric  beams).  31  dBW  (zone  beams);  channel  (9)  I  to  2  dB 
lower 

1 1/14  GHz:  10.954  to  11.191  GHz.  and  11.459  to  1 1.698  GHz 
One  8.5-W  TWT  plus  one  spare  per  repeater 
ERP  (minimum):  41  dBW  (east  spot).  44  dBW  (west  spot) 

Receiver 

4/6  GHz:  5854  to  6423  MHz 

Eight  active  receivers  plus  eight  spares,  FET  preamplifiers. 
3.2-dB  receiver  noise  figure 


G/T  (minimum):  -16  dB/K  (global  beam).  -9  dB/K  (hemi¬ 
spheric  beam).  -6  dB/K  (zone  beam):  typical  performance 
up  to  several  dB  better 
1 1/14  GHz:  14.004  to  14.498  GHz 

Two  active  receivers  plus  two  spares.  FET  preamplifiers.  5.0- 
dB  receiver  noise  figure 

G/T  (minimum):  +1  dB/K  (east  spot).  +4  dB/K  (west  spot): 
typical  performance  a  few  dB  better 

Antenna 

4/6  GHz:  two  earth  coverage  horns:  two  reflectors  ( 1 26-in.  dia. 
transmit.  79-in.  dia.  receive),  each  with  147  feed  horns,  each  gen¬ 
erating  two  hemispheric  beams  and  four  smaller  recontigurable 


zone  beams;  zone  beams  overlap  parts  of  the  hemispherie  beams 
and  are  separated  by  orthogonal  polarizations;  beam  shapes  are 
optimized  to  cover  specified  terminal  locations;  each  array  of 
feed  horns  has  four  distribution  networks:  one  for  hemispheric 
beams  and  three  (switchable  between  Atlantic.  Indian,  and  Pacific 
coverage  patterns)  for  the  zone  beams:  circular  polarization:  min¬ 
imum  interbeam  spatial  or  polarization  isolation  27  dB 
1 1/14  GHz:  two  reflectors  (one  west,  one  east)  each  generating 
one  beam  for  transmission  and  reception:  43-  and  39-in.  dia.; 
west  beam  is  1.6  deg  with  minimum  gain  of  36  dB.  east  beam  is 
1.8  x  3.2  deg  w  ith  minimum  gain  of  33  dB:  each  beam  is  steer¬ 
able  over  a  limited  portion  of  the  earth;  linear  polarization:  mini¬ 
mum  interbeam  spatial  isolation  33  dB 

Design  life 

Thirteen  years 

Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0. 1°N-S  and  E-W 

Orbital  history 

Satellite,  launch  date,  service  area,  comments: 

F-2.  27  October  1989.  Atlantic.  24.5°W  longitude 
F-3.  14  March  1990.  stabilized  in  low  earth  orbit  after  launch  ve¬ 
hicle  malfunction,  transfer  to  operational  orbit  expected  after  ad¬ 
dition  of  new  propulsion  by  May  1992  Shuttle  flight 
F-4.  23  June  1990.  Atlantic.  27.5" W  longitude 
F-5.  launched  19  August  1991.  in  test 
F-l,  launched  29  October  1991.  in  test 
Ariane  (F-l.  F-2.  F-4.  F-5).  Titan  (F-3) 

Management 

Developed  by  Hughe-  Aircraft  Company  for  Intelsat.  Approxi¬ 
mately  22'/)  subcontracted  to  companies  in  the  United  Kingdom. 
France.  Italy.  Japan.  West  Germany,  and  Canada 
Operated  bv  Intelsat 


Intelsat  VI  antenna  patterns,  (a)  Atlantic  Ocean;  (b)  Indian 
Ocean:  tc)  Pacific  Ocean. 


The  communications  equipment  is  mounted  on  a  despun  shelf 
within  the  spinning  main  body.  (The  deployed  array  spins  with 
the  body.)  The  antenna  feed  arrays  and  reflectors  are  also  mount¬ 
ed  to  the  despun  shelf.  There  are  six  communications  antennas. 
The  global  coverage  transmission  and  reception  beams  each  have 
a  dual-polarized  horn.  The  largest  deployed  reflector  produces 
six  4-GHz  transmit  beams.  The  second  deployed  reflector  pro¬ 
vides  the  corresponding  6-GHz  receive  beams.  Two  of  the  beams 
provide  east  and  west  hemispheric  coverage.  They  share  a  com¬ 
mon  polarization  and  frequency  plan,  their  signals  kept  separate 
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by  the  directions  of  the  two  beams.  The  other  four  are  /one 
beams.  They  use  the  same  frequencies  as  the  hemispheric  beams 
but  the  opposite  polarization.  The  four  are  separated  from  each 
other  by  their  directions,  which  are  nominally  northeast,  north¬ 
west,  southeast,  and  southwest.  The  southern  zone  beams  are 
larger  than  the  northern  zone  beams,  because  they  serve  popula¬ 
tion  centers  in  the  equatorial  and  southern  parts  of  the  globe, 
which  are  more  dispersed  than  those  in  the  northern  part  of  the 
globe.  The  hemispheric  beam  patterns  are  fixed,  but  the  zone 
beams  have  three  patterns,  one  for  each  ocean  region,  which  can 
be  switched  in  orbit.  Examples  of  the  hemispheric  and  zone 
beams  are  shown.  The  two  smaller  reflectors  provide  steerable 
east  and  west  spot  beams  for  1 1-GHz  transmission  and  14-GHz 
reception.  The  large  hatbox-shaped  objects  behind  these  two  re¬ 
flectors  contain  the  more  than  one  hundred  feed  horns  for  the  4- 
and  6-GHz  reflectors.  These  complex  feed  arrays  allow  the 
beams  to  be  shaped  to  a  reasonable  match  to  the  geographic  areas 
they  serve.  The  feed  arrays  can  be  sw  itched  to  different  configu¬ 
rations  depending  on  the  ocean  region  where  the  satellite  is  locat¬ 
ed. 

The  sw  itch  matrices  in  the  center  column  of  the  communica¬ 
tion  subsystem  diagram  allow  many  different  interconnections 
between  the  various  beams.  This  flexibility  allows  the  satellite  to 
be  in  a  configuration  that  is  best  suited  to  the  traffic  pattern  that  it 
is  handling.  Most  of  the  switch  matrices  are  changed  infrequently 
by  ground  command.  Two  may  be  switched,  according  to  a 
ground-controllable  pattern  stored  on  the  satellite,  through  sever¬ 
al  states  within  a  2-msec  frame.  This  capability  will  be  used  in  a 
satellite-switched  TDMA  (SS/TDMA)  mode  which  will  signifi¬ 
cantly  increase  the  satellite's  capacity  relative  to  frequency  divi¬ 
sion  multiple  access  (FDMA)  operation. 

Development  of  the  satellites  started  in  March  1982.  Critical 
new  technology  feasibility  had  been  proved  earlier  through  sever¬ 
al  studies  sponsored  by  Intelsat  and  others.  The  present  contract 
covers  five  satellites  with  options  for  more.  The  first  satellite  was 
launched  in  October  1989  and  began  full  operational  service  in 
spring  1990.  although  it  had  been  used  as  early  as  December 
1989.  The  second  satellite  could  not  be  separated  from  the  launch 
vehicle  and  was  put  into  a  stable  low  orbit  by  use  of  on-board  pro¬ 
pulsion.  after  separation  from  its  perigee  motor.  A  shuttle  repair 
mission  is  being  planned  for  1992  to  install  a  new  perigee  motor 
on  the  satellite.  The  third  satellite  was  launched  successfully  and 
is  operating  with  the  first.  One  more  launch  is  scheduled;  it  is  un¬ 
likely  that  options  for  additional  satellites  will  be  exercised. 
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ASIASAT 


Asia  Satellite  Telecommunications  Company,  based  in  Hong 
Kong,  offers  domestic  and  international  communications  in  Asia 
through  its  Asiasat  satellite  1 1 -2 1 .  The  company  is  an  equal  part¬ 
nership  of  a  prominent  Hong  Kong  trading  conglomerate,  an  or¬ 
ganization  set  up  by  the  Peoples  Republic  of  China,  and  a  large 
British  telecommunications  company. 


The  Asiasat  is  the  refurbished  Westar  VI.  It  was  launched  in 
1984  but  was  stranded  in  low  orbit  by  a  rocket  motor  failure.  The 
satellite  was  retrieved  by  the  Shuttle  later  that  same  year  and  re¬ 
turned  to  earth.  Lloyds  of  London  made  an  insurance  payment  to 
the  original  owners  to  cover  their  loss  and  took  possession  of  the 
satellite.  The  satellite  was  purchased  from  them  by  Asia  Satellite 
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Telecommunications  and  refurbished  by  its  manufacturer.  The 
key  items  of  the  refurbishments  were  replacement  of  the  batteries, 
the  failed  motor,  and  some  small  thrusters;  and  antenna  feed  niod- 
itieation  to  provide  a  beam  pattern  suitable  for  Asia.  Details  of 
the  satellite  are: 

Satellite 

Cylinder.  85-in.  dia..  269-in,  height  (22.4  ft)  when  deployed 
1 340  lb  in  orbit,  beginning  of  life 

Solar  eells  and  NiCd  batteries,  840  W  at  beginning  of  life.  700  W 
at  end  of  life 

Spin-stabilized,  gyrostat.  55  to  60  rpm 

Solid  rocket  motor  for  apogee  maneuver,  liquid  propulsion  for 
on-orbit  use 

Configuration 

Twenty-four  36-MHz  bandwidth  single-conversion  transponders, 
dual-polarization  frequency  reuse 

Transmitter 

3702  to  4198  MHz 

Six  sets  of  five  8-W  TWTAs  for  four  transponders 
Peak  ERP  approximately  37  dBW  per  transponder 

Receiver 

5927  to  6423  MHz 

Two  active  plus  two  spare  receivers 

Antenna 

Two  72-in.  dia.  paraboloids  with  polarizing  grids,  one  behind  the 
other;  one  north  beam  covering  China.  Mongolia.  Korea.  Japan, 
and  Taiwan;  one  south  beam  covering  Turkey  through  India  to  the 
Philippines;  beams  on  orthogonal  linear  polarizations 

Design  life 

Ten  years 

Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0. 1°N-S  and  E-W 

Orbital  history 

Launched  7  April  1990.  in  use 
Long  March  111  launch  vehicle 

Management 

Developed  by  Hughes  Aircraft  Company 

Operated  by  Cable  and  Wireless  for  Asia  Satellite  Telecommuni¬ 
cations 

The  satellite  was  launched  from  China,  which  required  ap¬ 
proval  from  the  United  States  Government,  which  was  concerned 
about  satellite  technology  transfer  to  China.  A  condition  of  the 
approval  was  that  the  satellite  remain  under  constant  supervision 
by  United  States  nationals  while  in  China.  Prior  to  launch,  there 
was  interest  in  the  satellite  within  many  nations,  but  few  commit¬ 
ments.  However,  after  launch,  many  transponder  leases  were 
quickly  signed. 

The  satellite  is  now  being  used  for  domestic  and  international 
communications  by  Thailand.  South  Korea.  Burma.  Mongolia. 
China,  and  Hong  Kong.  Other  customers  could  include  Pakistan. 
Nepal,  and  Bangladesh.  Uses  vary  from  basic  telephone  service 
to  television  distribution  to  international  business  data  networks. 

Because  most  of  the  Asiasat  capacity  is  leased,  the  company  is 
planning  for  a  second  satellite  to  be  launched  in  1993  or  1994.  In 


addition,  it  is  working  w  ith  Thailand  to  develop  a  concept  for  a 
national  satellite  system,  which  would  evolve  from  Thailand's  use 
of  Asiasat. 

^  # 

1 .  Aviation  Week  &  Space  Technology  (5  December  1988).  p.  34; 
(7  August  1989).  p.  16;  (16  April  1990).  p.  25;  <23  April  1990). 
p.  25;  (15  October  1990).  p.  13;  (25  March  1991 ).  p.  13. 

2.  B.  Long.  "Westar  VI  Resurfacing  in  Asia."  Satellite  Commu¬ 
nications  (October  1988). 
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INMARSAT  II 


In  order  to  begin  operating  as  early  as  possible.  Inmarsat  1 1- 
1 1 1  leased  capacity  on  three  separate  types  of  satellites:  Marisat. 
Intelsat  V.  and  Marees.  These  satellites  constitute  the  first-gener- 
ation  Inmarsat  space  segment.  The  Intelsat  V  and  Marees  satel¬ 
lites.  which  are  the  primary  operating  satellites,  will  reach  both 
capacity  (in  the  Atlantic)  and  lifetime  limitations  beginning  in 
1988.  Hence,  Inmarsat  made  plans  for  a  second-generation  space 
segment  with  the  first  satellite  launch  in  1988. 

Inmarsat  sent  requirements  to  a  large  number  of  European. 
United  States,  and  Japanese  companies  in  the  fall  of  1983.  Be¬ 
sides  basic  satellite  characteristics,  compatibility  with  at  least  two 
of  six  specified  launch  vehicles  (four  United  States,  one 
European,  one  Soviet)  was  required.  Inmarsat  was 
willing  to  consider  either  lease  or  purchase  of 
the  satellites.  Bids  were  received  from 
two  contractor  teams,  both  with 


Inmarsat  II  satellite. 


Jr 


vm 


Transmitter 

C/L:  1 530  to  1546  MH/ 

Six  TWTs.  about  30  W  each,  four  active  summed  together, 
two  spare.  39  dBW  at  edge  of  earth 
L/C:  3600  to  3604.5  MH/..  3605  to  3609.5  MH/.  3610  to  .3617.3 
MH/.  and  3617.8  to  3621  MH/ 

24  dBW  per  channel  at  edge  of  earth 

Receiver 

C/L:  6425  to  6441  MH/ 


British  prime  contractors,  in  April  1984.  and  a  contract  was 
signed  w  ith  one  a  year  later. 

The  Inmarsat  II  satellites  are  derived  from  the  same  basic  de¬ 
sign  used  for  the  European  Communication  Satellite  (ECS)  and 
Marees.  The  rectangular  body  houses  all  the  satellite  equipment, 
except  for  the  solar  arrays  and  the  antennas.  The  solar  arrays  are 
deployed  in  orbit,  but  the  large  L-band  transmit  array,  visible  in 
the  figure  as  a  hexagonal  plate,  is  fixed  to  the  satellite  body.  The 
satellite  and  payload  details  are  as  follows: 

Satellite 

Rectangular  body,  with  antenna  8.4  x  5.2  x  4.9  ft.  50  ft  across  tips 
of  deployed  solar  array 

Approximately  1500  lb  in  orbit,  beginning  of  life 
Sun-tracking  solar  arrays  and  NiCd  batteries,  approximately  1000 
W  after  ten  years 
Three-axis  stabilization 

Configuration 

One  C/L-band  channel  for  shore  to  ship:  16-MH/  bandwidth 
Four  L/C-hand  channels  for  ship  to  shore:  4.5-.  4.5-.  7.3-.  and 
3.2-MH/  bandwidths 

Capacity 

250  two-way  voice  circuits 


-14  dB/K  G/T 

L/C:  1626.5  to  1631  MH/.  1631.5  to  1636  MH/.  1636.5  to 
1643.8  MHz.  and  1644.3  to  1647.5  MHz 
-12.5  dB/K  G/T 

Antenna 

L:  6 1 -element  array,  beam  shaped  to  giv  e  increasing  gain  from 
center  to  edge  of  earth  (transmit):  nine-element  array  (receive) 

C:  two  seven-element  arrays  (one  transmit,  one  receive) 

All  antenna  elements  are  cup-backed  crossed  dipoles 
All  antennas  are  earth  coverage,  circular  polarization 

Design  life 

Ten  years 

Orbit 

Synchronous  equatorial 

Orbital  history 

I:  launched  30  October  1990.  in  use.  56  W  longitude 
2:  launched  8  March  1991.  in  use.  I5.5°W  longitude 
3:  launch  scheduled  December  1991  or  early  1992 
4:  launch  scheduled  first  half  1992 
Delta  2  launch  vehicle  (1.2) 

Ariane  launch  vehicle  (3.  4) 
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C-BAND  TO  L-BAND 


Inmarsat  II  communication  subsystem. 


L-BAND  TO  C-BAND 


Notes 

a.  Receivers  include  downconverters 

b.  Channel  filters'  center  frequencies  near  60  MHz 

c.  Driver  amplifiers  include  predistortion  circuits 


Management 

Developed  for  Inmarsat  by  British  Aerospace  (prime)  with 
Hughes  Aircraft  Company  (payload)  and  other  subcontractors  in 
France.  Japan,  West  Germany,  and  Canada 
Operated  by  Inmarsat 

The  support  subsystems  are  similar  or  identical  in  design  to 
flight-proven  hardware,  but  the  payload  is  a  new  design.  Relative 
to  the  first-generation  satellites,  the  payload  provides  a  significant 
capacity  increase  and  operation  on  frequencies  allocated  for  dis¬ 
tress  and  for  aircraft  communications.  The  payload  has  one  chan¬ 
nel  for  shore-to-ship  transmission  and  four  channels  for  ship-to- 
shore  transmission.  The  four  channels  allow  a  better  matching  of 
each  channel  to  the  characteristics  of  different  classes  of  ship  sta¬ 
tions.  all  of  which  are  moderately  to  severely  limited  in  radiated 
power.  The  first  ship-to-shore  channel  is  for  high-speed  data,  the 
second  for  low-power  ship  stations,  the  third  for  standard  A  ship 
stations,  and  the  fourth  for  very-low-power  stations,  including 
standard  C.  emergency  beacons,  and  aircraft.  Standard  stations 
are  described  later  in  the  Inmarsat  System  discussion. 

The  satellite  uses  L-band  ( 1 .5  to  1 .6  GHz)  for  communication 
with  ships  and  C-band  (4/6  GHz)  for  communication  with  shore 
stations.  The  L-band  transmit  antenna  is  a  hexagonal  array  of  61 
elements.  The  array  is  designed  so  that  the  gain  is  lower  toward 
the  subsatellite  point  and  increases  toward  the  edge  of  earth.  This 
gain  taper  compensates  for  losses,  which  increase  as  the  ship  ter¬ 
minal  elevation  to  the  satellite  decreases.  The  L-band  transmitter 
uses  any  four  of  six  available  TWTs.  Linearizers  precede  each 
TWT  to  increase  channel  capacity  by  reducing  distortions;  the 
outputs  of  the  four  active  TWTs  are  coherently  summed.  The  oth¬ 


er  transmit  and  receive  antennas  use  smaller  arrays  of  similar 
cup-dipole  elements. 

The  Inmarsat  II  contract  includes  three  satellites  and  options 
for  six  more.  One  of  these  options  w  as  converted  to  a  firm  order 
in  1988.  The  first  two  satellites  were  launched  in  October  1990 
and  March  1991.  Both  are  in  service  over  the  Atlantic  Ocean. 
The  other  two  will  be  launched  at  the  end  of  1991  and  the  begin¬ 
ning  of  1992.  One  will  be  positioned  over  the  Indian  Ocean  and 
one  over  the  Pacific  Ocean. 
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COLUMBIA  COMMUNICATIONS 


The  NASA  Tracking  and  Data  Relay  Satellite  (TDRS),  which 
is  described  in  a  later  section,  has  a  C-band  (4/6  GHz)  communi¬ 
cation  payload.  This  payload  was  designed  into  the  satellite  from 
the  beginning,  as  part  of  the  joint  TDRS  and  Advanced  Westar 
mission.  Later.  NASA  and  Western  Union,  the  owner  of  the  We¬ 
star  system,  decided  that  shared  use  of  the  TDRS  was  no  longer  a 
beneficial  idea,  and  the  Advanced  Westar  mission  was  terminat¬ 
ed.  However,  the  C-band  equipment  was  not  removed  from  the 
satellites. 

The  C-band  equipment  can  operate  simultaneously  with  the 
NASA  TDRS  equipment  without  any  interference.  The  original 
C-band  design  had  an  antenna  pattern  which  covered  the  United 
States  from  a  satellite  longitude  near  I00°W.  The  operational 
TDRS  locations  are  near  41°W  and  171°W  longitude,  where  the 
original  antenna  pattern  was  not  useful.  The  pattern  was  modi¬ 
fied.  beginning  with  the  third  TDRS,  to  provide  east  and  west 
beams.  These  beams  allow  use  of  the  C-band  equipment  for  com¬ 
munications  between  the  United  States  and  Europe  (from  the  At¬ 
lantic  TDRS)  and  between  the  United  States  and  Asia  (from  the 
Pacific  TDRS). 

Given  this  capability,  NASA  looked  for  the  best  way  to  use  it. 
The  challenge  to  Intelsat  from  the  initial  private  international  sys¬ 
tems  made  it  possible  to  offer  the  C-band  service  to  private  com¬ 
panies.  In  mid- 1989,  NASA  requested  bids  for  a  six-year  C-band 
lease  on  one  satellite  over  each  ocean.  Later  that  year,  NASA 
awarded  the  lease  to  Intelsat,  but  a  protest  was  lodged  by  another 
bidder.  In  1990.  the  protest  was  judged  valid,  and  the  lease  award 
was  turned  to  Columbia  Communication  1 1 1. 

Columbia  began  the  Intelsat  coordination  process  in  the  fall  of 
1990  and  expected  to  be  finished  by  fall  1991.  whereupon  the 
FCC  should  grant  final  authorization  and  the  six-year  lease  period 
will  begin.  Columbia  is  marketing  the  satellite  capacity  for  inter¬ 
national  video,  voice,  and  data  services,  with  the  restriction  that 
they  not  be  connected  to  the  public  switched  networks. 

The  Atlantic  satellite  coverage  is  approximately  east  of  the 
Rocky  Mountains  from  mid-Mexico  and  Cuba  through  the  mid¬ 
dle  latitudes  of  Canada  and  all  of  Europe  plus  part  of  North  Afri¬ 
ca.  The  Pacific  satellite  coverage  is  approximately  the  United 
States  and  Canada  west  of  the  Mississippi  River,  as  well  as  Ko¬ 
rea,  Japan.  Taiwan.  Hong  Kong,  and  the  coastal  parts  of  China. 
Satellite  details,  as  they  apply  to  this  use.  and  C-band  perfor¬ 
mance  are  as  follows: 

Satellite 

Hexagonal  prism  body.  8  ft  across.  5  ft  in  height;  57-ft  span 
across  solar  arrays 

Approximately  5000  lb  in  orbit,  beginning  of  life 
Sun-tracking  solar  arrays  and  NiCd  batteries.  1700  W  end  of  life 
Three-axis-stabilized.  +0.1°  in  pitch  and  roll.  +  0.25°  in  yaw 

Configuration 

Twelve  36-MHz  bandwidth,  single-conversion  transponders 


Transmitter 

3702  to  4 178  MHz 

One  5.5- W  TWT  per  transponder 

ERP  36  dBW  per  transponder  maximum,  approximately  29  dBW 
minimum  over  coverage  area 

Receiver 

5927  to  6403  MHz. 

One  active  and  one  spare  receiver 

G/T  -2.7  dB/K  maximum,  approximately  -12  dB/K  minimum 
over  coverage  area 


Columbia  (TDRS  C-band)  communication  subsystem. 


Antenna 

One  58-  x  65-in.  reflector  with  multiple  offset  feed  horns  to  form 
east  and  west  beams  in  the  northern  hemisphere,  linear  polariza¬ 
tion 

Design  life 

Ten  years 

Orbit 

Synchronous  equatorial,  stationkeeping  to  +0.  F  N-S  and  E-W 

Orbital  history 

TORS  3:  launched  29  September  1988.  4I°W  longitude 


TDRS  4:  launched  13  March  1989.  171'W  longitude 
Shuttle/IUS  launch  vehicle 

Management 

Developed  by  TRW  for  NASA 

Operated  by  Contel  Federal  Systems  for  NASA 

% 

I.  Satellite  Conmnmieatitms  (July  1990).  p.  1 1 ;  (August  1990). 
p.  II. 


INTELSAT  K 


The  Intelsat  K  satellite  is  a  supplement  to  the  regular  series  of 
Intelsat  satellites.  It  is  a  single  satellite  which  will  be  used  over 
the  Atlantic  Ocean  to  provide  additional  capacity  for  leased  ser¬ 
vices.  The  primary  uses  of  Intelsat  K  are  expected  to  be  televi¬ 
sion  transmissions  and  business  communications  (voice,  data, 
videoconferencing). 

Intelsat  K  was  originally  being  developed  as  GE  Satcom  K-4 
for  the  United  States  company  Crimson  Satellite.  About  two 
years  before  launch.  Crimson  dropped  its  plans  for  United 
States  domestic  service,  and  two  partially  built  satel¬ 
lites  were  sold.  One  became  Astra  I B.  the  other  In¬ 
telsat  K.  The  change  of  satellite  ownership,  in  July 
1989,  required  changes  in  the  antenna  beam  pat¬ 
terns.  the  switches  connecting  the  transmit¬ 
ters  to  the  antennas,  and  the  transmitter 
frequencies. 


Intelsat  K  satellite. 


Intelsat  K  has  sixteen  transponders.  Fight  are  permanently 
connected  to  the  European  beam.  Four  may  be  individually  con¬ 
nected  to  either  the  North  American  beam  or  the  two  South 
American  beams,  or  both  North  and  South  beams.  The  other  four 
transponders  have  the  same  flexibility  for  North  and  South  Amer¬ 
ica  but  may  also  be  individually  switched  to  the  European  beam. 
The  South  American  beams  are  used  only  for  transmitting:  the 
North  American  and  European  beams  are  for  both  receiving  and 
transmitting. 

Intelsat  K  has  a  rectangular  body  with  deployed  solar  arrays. 
A  large  reflector  deployed  from  one  side  of  the  body  is  used  to 


form  the  North  American  and  European  beams.  A  smaller  reflec¬ 
tor  tixed  on  the  body  forms  the  South  American  beams.  Addi¬ 
tional  satellite  description  is  as  follows: 

Satellite 

Rectangular  body.  1 12  x  89  x  86  in.,  height  including  antenna 
tower.  8.5  ft:  span  of  solar  arrays.  78  ft 
3400  lb  in  orbit,  beginning  of  life.  2700  lb  end  of  life 
Sun-tracking  solar  arrays  and  NiH->  batteries.  4800  W  at  begin¬ 
ning  of  life. 3500  W  after  ten  years 

Three-axis-stabili/ed  using  a  pivoted  momentum  wheel  and  mag- 
netotorquers.  0.1 -deg  accuracy  in  roll  and  pitch.  0.35  deg  in  yaw 
Bipropellant  propulsion  for  apogee  maneuver,  monopropellant 
hvdra/ine  for  on-orbit  use 


Configuration 


Sixteen  54-MHz  bandwidth  transponders,  single  conversion, 
dual-polarization  frequency  reuse 

Capacity 


Maximum  of  65.000  voice  circuits  using  digital  circuit  multipli¬ 
cation  or  32  TV  transmissions 


Intelsat  K  antenna  pattern. 


Receiver 

14.0  to  14.5  GHz 

Two  active,  two  spare  receivers 

Antenna 

One  7-ft  dia.  offset  fed  parabolic  reflec¬ 
tor  with  multiple  feed  horns  to  form 
beams  for  North  America  and  Europe: 
one  32-  x  36-in.  offset-fed  parabolic  re¬ 
flector  with  multiple  feed  horns  to  form 
two  beam->  for  South  America:  orthogo¬ 
nal  linear  polarizations 

Design  life 

Ten  years 

Orbit 

Synchronous  equatorial.  2I.5°W  longi¬ 
tude.  stationkeeping  to  ±0.05°  N-S  and 
E-W 


Transmitter 

11.45  to  11.95  GHz  (to  North  and  South  America).  11.45  to  11.7 
GHz  and  1 2.5  to  1 2.75  GHz  (to  Europe) 

62.5-W  TWTA  per  transponder,  three  spares  for  each  group  of 
eight  transponders 

ERP  50  dBW  near  centers  of  coverages;  47  dBW  (North  Ameri¬ 
ca).  45  dBW  (South  America).  42.7  dBW  (North  and  South 
America).  47  dBW  (Europe)  at  edge  of  coverage 


Orbital  history 

Launch  scheduled  February  1 992 
Atlas  II  launch  vehicle 

Management 

Developed  for  Intelsat  by  GE  Astro  Space 
Operated  by  Intelsat 


E  NA  Intelsat  K  communication  subsystem. 
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ORION 


Since  1965.  Intelsat  has  provided  international  satellite  com¬ 
munications.  By  the  early  1980s.  other  international  satellite 
communications  were  minor  expansions  of  domestic  systems. 
For  example.  United  States  and  Canadian  domestic  satellites  pro¬ 
vided  some  transborder  services,  and  the  Indonesian  Palapa  satel¬ 
lite  was  used  by  neighboring  nations.  However,  no  satellite 
system  besides  Intelsat  was  focused  on  international  communica¬ 
tions.  Against  this  background,  in  1983  Orion  Satellite 
Corporation  1 1-5|  submitted  an  application  to  the 
FCC  for  a  private  transatlantic  system. 


Orion  satellite. 


The  Orion  application  was  followed  by  several  others.  The  re¬ 
action  w  ithin  Intelsat  was  strong  opposition,  based  on  the  expec¬ 
tation  that  such  systems  would  divert  traffic  from  the  most 
profitable  Intelsat  routes,  thus  reducing  its  ability  to  offer  eco¬ 
nomical  services  worldw  ide.  The  concern  was  particularly  strong 
among  the  les-  developed  nations,  which  are  the  majority  of  Intel¬ 
sat  members.  Within  the  United  States,  there  was  a  debate  in  both 
the  executive  brunch  of  the  government  and  in  Congress.  The  de¬ 
bate  was  between  free  enterprise  and  the  obligation,  as  an  Intelsat 
member  (even  more,  the  leading  founder  and  biggest  investor  in 
Intelsat),  not  to  do  anything  that  would  cause  technical  or  eco¬ 
nomic  harm  to  Intelsat.  This  obligation  is  clearly  staled  in  the  In¬ 
telsat  Agreements  signed  by  every  member. 

By  the  start  of  1985.  the  United  States  policy  had  been  settled 
in  fav  or  of  free  enterprise,  yet  w  ith  some  restrictions  on  w  hat  ser¬ 
vices  the  private  systems  could  offer.  The  FCC  also  reunited  that 
they  complete  the  technical  and  economic  coordination  with  In¬ 
telsat.  although  the  United  States  did  not  promise  to  refuse  autho¬ 
rization  to  systems,  even  'ntelsat  claimed  that  it  would  suffer 
economic  harm. 

In  mid- 1985.  the  first  three  private  systems  were  given  FCC 
authorization  to  proceed.  Orion's  authorization  was  granted  a  few 
months  later.  Orion  completed  coordination  w  ith  Intelsat  in  1989 
and  awarded  a  contract  for  satellite  construction  in  the  same  year. 
Final  FCC  approval,  to  launch  and  operate  satellites,  was  given  in 
1990.  Ironically,  to  begin  dev  eloping  a  customer  base  for  this  sat¬ 
ellite.  in  1989  Orion  began  offering  international  communications 
serv  ices  using  Intelsat  satellites. 

The  Orion  satellites  are  being  built  in  Furope  by  a  minority  in¬ 
vestor  in  Orion  Satellite.  The  satellite  is  based  on  the  same  de¬ 
sign  used  in  seveiu:  other  satellites,  including  Inmarsat  II  and 
Telecom  2.  Fxtern;  lly.  the  satellite  body  is  a  rectangular  box  w  ith 
solar  arrays  deployed  from  the  north  and  south  faces  and  two 
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large  antennas  deployed  from  the  east  and  west  faces.  The  feed 
horns  for  the  antennas  are  fixed  on  the  satellite  body.  Within  the 
body  is  a  central  cylinder,  which  is  ;he  primary  structure,  and  sev¬ 
eral  panels  between  the  cylinder  and  the  external  walls.  Equip¬ 
ment  is  mounted  within  the  cy  linder,  on  the  panels,  and  on  the 
inner  surface  of  the  walls.  The  satellite  is  designed  so  that  it  can 
be  assembled  and  tested  in  two  modules — communications  and 
serv  ice — prior  to  final  integration.  Tentative  satellite  characteris¬ 
tics  are  listed  below: 

Satellite 

Rectangular  body  approximately  5x5x8  ft.  span  across  solar  ar¬ 
rays  >60  ft 

1 5(H)  to  2000  lb  in  orbit 

un-tracking  solar  arrays,  approximately  2000  W:  NiH,  batteries 
Three-ax  is-s'ibi  I  i/ed 

Configuration 

Thirty-four  .ransponders,  twenty-eight  with  54-MHz  bandwidth 
and  six  with  36-MHz  bandwidth,  dual-polarization  and  dual- 
beam  frequency  reuse 

Transmitter 

1 1 .7  to  12.2  GHz  (to  North  America).  1 1 .45  to  1 1 .7  and  1 2.5  to 
1 2.75  GHz  (to  Europe).  1 1.45  to  1 1.7  GHz  (to  Africa) 

Thirteen  transponder,  to  North  America,  seventeen  to  Europe, 
four  switchable  between  North  America  and  Africa 
15-W  solid-state  amplifiers,  seven  sets  of  five  for  four  redundan¬ 
cy  for  the  54-MHz  transponders,  seven  for  six  reJundancy  for  the 
36-MHz  transponders 

Approximately  50  dBW  ERP  per  transponder 

Receiver 

14.0  to  14.5  GHz 
HEMT  preamplifiers 

G/T  varies  between  6  and  12  dB/K  ov  er  cov  erage  areas 

Antenna 

Two  7-l't  dia.  parabolic  reflectors,  each  w  ith  multiple  feed  horns, 
one  receive  beam  and  two  to  four  transmit  beams  per  continent, 
dual  linear  polarizations 

Design  life 

Twelve  vears 
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Orbit 

Synchronous  equatorial.  37.5  and  47  W  longitude 

Orbital  history 

I:  launch  scheduled  late  1992 
2:  launch  scheduled  1993 
Atlas  II  launch  vehicle 

Management 

Developed  tor  Orion  by  British  Aerospace  (with  subcontractors 
in  France.  Holland,  the  United  States.  Japan.  Germany.  Canada) 
The  communication  subsystem  design  is  the  result  of  a  trade- 
olf  between  maximizing  performance  v  ia  narrow  beams  and  min¬ 
imizing  switching  complexity  via  a  few  broad  beams,  and  weight 
and  power  considerations.  Fourfold  frequency  reuse  maximizes 
capacity  with  good  spectral  efficiency.  The  design  is  eight  54- 
MHz  transponders  on  one  polarization  and  six  54-MHz  plus  three 
36-MHz  transponders  on  the  other  polarization  of  each  of  two  an¬ 
tennas.  One  antenna  prov  ides  beams  for  North  America,  the  oth¬ 
er  for  Europe  and  portions  of  Africa.  The  uplinks  all  use  the  same 
frequencies,  but  the  downlinks  use  different  frequencies,  because 
allocations  differ  between  Europe  and  the  Americas  (see  Appen¬ 
dix  A).  Four  54-MHz  transponders  can  be  switched  between 
North  America  and  Africa. 

The  communication  subsy  stem  incorporates  considerable 
switching  to  afford  flexibility  in  routing  signals.  Communica¬ 
tions  can  be  intercontinental  or  intracontinental.  Signals  from 
several  uplink  beams  can  be  combined  in  one  downlink  beam, 
and  a  single  uplink  can  he  routed  to  multiple  downlink  beams, 
t  he  high  G/T  and  ERP  in  each  of  the  beams  is  intended  to  mini¬ 


mize  the  ground  antenna  sizes.  Typical  diameters  w  ill  be  4  to  6  ft. 
although,  for  v  ery  high  data  rates,  sizes  up  to  33  ft  are  possible. 

The  primary  market  for  satellite  capacity  is  expected  to  be 
business  serv  ices,  including  interactive  data  circuits,  voice,  fax. 
and  teleconferencing.  Data  rates  between  56  kbps  and  8  Mbps 
will  be  common.  All  signalling  will  be  digital,  and  some  net¬ 
works  will  operate  with  TDMA.  The  secondary  market  is  thin 
route  domestic  services,  principally  in  Africa.  Television  distri¬ 
bution  is  another  possibility  and  could  be  the  exception  to  all-dig¬ 
ital  signaling. 

Satellite  development  began  in  1989.  The  development  con¬ 
tract  includes  delivery  of  the  satellites  in  orbit,  so  the  satellite  and 
launch  vehicle  contractors  bear  the  risks  in  launching.  The  two 
launches  are  scheduled  for  late  I  Dl42  and  mid- 1993. 

1.  C.  J.  Vizas  and  W.  L.  Morgan.  "Advanced  Transoceanic  Sat¬ 
ellite  Systems.”  EASCON  Conference  Pmceedin^s  (Septem¬ 
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INTELSAT  VII 


Satellites  in  the  Intelsat  sy  stem  have  two  roles.  The  primary 
satellite  in  each  ocean  region  provides  the  basic  Intelsat  services 
by  connecting  all  nations  in  the  region.  The  primary  satellite  is 
complemented  by  a  spare  satellite,  which  is  used  for  preemptible 
services.  Other  Intelsat  satellites  prov  ide  specialized  services,  in¬ 
cluding  major  path  communications  (high-density  international 
traffic  removed  from  the  primary  satellite,  so  that  the  primary  will 
have  capacity  to  serve  all  international  paths  regardless  of  traffic 
density),  business  eommunications  to  small  antennas,  cable  resto¬ 
ration.  and  domestic  leased  services. 

Every  generation  of  Intelsat  satellites  through  Intelsat  VI  had 
been  designed  to  accommodate  growth  in  the  Atlantic  region  pri¬ 
mary  role,  the  most  demanding  in  the  Intelsat  system.  When 
planning  began  for  Intelsat  VII  in  1985.  a  new  course  evolved. 
The  Intelsat  VI  satellites  to  be  launched,  beginning  about  1990. 
would  fn  I  ft  1 1  the  demanding  primary  roles  until  after  the  year 
2000.  The  requirement  for  Intelsat  VII  1 1  - 1 3 1  became  replace¬ 
ment  of  Intelsat  V  anti  V-A  satellites  in  the  Pacific  region  primary 
role  and  m  the  specialized  services  role  in  all  regions.  This  re¬ 
quirement  led  to  a  satellite  smaller  than  Intelsat  VI.  but  with  in¬ 
creased  llexibility  to  serve  a  variety  of  geographic  locations 
through  an  increased  set  ot  antenna  beams  interconnected  by 
many  switches.  The  satellite  design  also  emphasizes  high  perfor¬ 
mance.  to  increase  the  usefulness  of  smaller  earth  stations,  and 
higher  orbital  reliability  and  lifetimes. 

file  satellite  design  is  primarily  derived  from  Intelsat  V  and  V 
A  and  the  Japanese  Superbird.  I  he  satellite  body  is  a  rectangular 
box  Within  the  box.  a  cylindrical  structure  carries  the  primary 


loads.  The  solar  array  s  are  deploy  ed  from  the  north  and  south 
faces  of  the  satellite.  The  two  largest  antennas  are  attached  to  the 
east  and  west  faces  and  are  deploy  ed  in  orbit:  the  other  antennas 
are  mounted  on  the  earth-viewing  face.  The  communications  and 
spacecraft  equipment  is  mounted  on  the  insides  of  the  satellite's 
body  panels  and  on  a  few  secondary  panels.  Details  of  the  satel¬ 
lite  and  its  payload  are  as  follows: 

Satellite 

Rectangular  body.  8.8  x  8.6  x  7.9  ft.  7 1 ,7-ft  solar  array  span.  15.3 
ft  tall  including  body  and  antennas.  26. 1  ft  across  large  antennas 
Approximately  4200  lb  in  orbit,  beginning  of  life.  3200  lb  with¬ 
out  fuel 

Sun-tracking  solar  arrays  and  NiH,  batteries.  3970  W  minimum 
after  10.9  years 

Three-axis  stabilization  using  momentum  wheels  and  magnetic 
lorquers.  antenna  pointing  accuracy  ±0.25  deg 
Unified  bipropellant  propulsion  for  apogee  maneuver  and  on- 
orbit  use 

Configuration 

4/6  GHz:  Thirty  uplink  channels  combined  into  twenty  -six  dovv  n- 
Imk  channels  with  34-  to  77-MHz  bandwidth,  single  conversion, 
dual  beam  an  1  dual-polarization  frequency  use 
1 1-12/14  GHz:  Twelve  uplink  channels  combined  into  ten  dovv n 
link  channels  with  34-  to  1 12-MHz  bandwidths.  double  conver¬ 
sion.  dual-beam  Irequenvv  reuse 


77 


Capacity 

Nominal  capacity  in  a  typical  operational  configuration  is  18.000 
two-way  voice  circuits  (00.000  w  ith  full  use  of  digital  circuit 
multiplication  techniques)  plus  three  TV  transmissions 

Transmitter 

4/6  GHz:  3704  to  4198  MH/ 

Global  and  spot  beams:  six  16-W  solid-state  amplifiers  for 
four  36-MH/  bandwidth  repeaters,  three  30- W  solid-state 
amplifiers  for  two  41-MH/  bandwidth  repeaters 
Hemispheric  beams:  seven  30/20-W  solid-state  amplifiers 
for  five  repeaters  (beam  I /beam  2) 

Zone  beams:  seven  16/IO-W  solid-state  amplifiers  for  five 
repeaters  (/one  l//one  2) 

:RP  (specified  minimum):  26/29  dBW  (global  beams.  36/ 
41-MH/  bandwidth).  33/36  dBW  (spot  beams.  36/41-MH/ 
bandwidth).  33  dBW  (hemispheric  and  /('lie  beams) 

11-12  GH/:  10.954  to  11.191  GH/(bandA).  1 1.458  to  11.694 
GH/  (band  B).  11.704  to  11.941  GH/lhandC).  12.504  to  12.741 
GH/  (band  D):  repeaters  (1.2).  (3.4).  (5.6)  independently  sw  itch- 
able  to  hands  A  or  C'  on  one  of  Spots  1  and  2.  to  bands  A  or  D  on 
the  other,  to  bands  A.  ('.  or  D  on  Spot  3;  repeaters  (7-9).  ( 10-12) 
always  on  band  B 

Sewn  35- W  TVVTAs  for  five  repeaters  interconnected  with 
eight  50- W  TVVTAs  for  live  repeaters  to  form  fifteen  for  ten 
redundancy 

TRP  (specified  minimum):  45.4/43.4/46.7/44.6  dBW  (Spot 
1  44.5/41.4/45.8/  42.6  dBW  (Spot  2).  -/-/44. 1/41.2  dBW 

(Spot  2  +  2A ).  46.0/43.0/47.5/44.5  dBW  (Spot  3).  each  for 
35  W.  inner  cowrage/35  W.  outer  coveragc/50  W.  inner  cov¬ 
erage/50  W.  outer  coverage  (35  W  not  used  with  Spot  2  + 
2A) 

Receiver 

4/6  GH/:  5929  to  6423  MH/ 

Six  receivers  with  four  active  for  global  and  spot  beams,  six 
receivers  with  four  active  for  hemispheric  and  /one  beams: 
HI. M  l  preamplifiers.  I.X-dB  receiver  noise  figure 
G/T  (specified  minimum):  -11.5  cIB/K  (global  beams).  3.0 
dB/K  (spot  beams).  -8.5  dB/K  (hemispheric  beam  I).  -7.5 


dB/K  (hemispheric  beam  2).  -6/-6/-9  dB/K  (/one  beam  I 
with  /one  oc/zone  8/zones  a  +  8).  — 4/ — t/— 7.5  dB/K  (/one 
beam  2  w  ith  /one  I.V/one  y//one  13  +  y) 

11-12/14  GHz:  14.004  to  14.494  GHz 

Five  receivers  with  three  active.  FET  preamplifiers.  3.5-dB 
receiver  noise  figure 

G/T  (specified  minimum):  +4.5/+ 1.5  dB/K  (Spot  i ).  +2.5/— 
1.0  dB/K  (Spot  2).  +0.5/-3.0  dB/K  (Spot  2  +  2A).  +3.8/+0.8 
dB/K  (Spot  .3).  each  for  inner/outer  coverage 

Antenna 

4/6  GHz:  Two  global  coverage  horns,  one  transmit,  one  receive: 
18-deg  heamw  idlh:  16.8-dB  gain:  dual  circular  polarizations 
One  28-in.  dia.  parabolic  reflector  for  the  spot  beam:  6-deg  beam- 
width:  24.5-dB  transmit  gain.  24.8-dB  recei .  g.;i  <  dual  circular 
polarizations:  steerable  to  any  point  on  the  ■  h 
One  96-in  dia.  (transmit)  and  one  62-in.  dia  .vc*.  '  parabolic 

reflector  for  hemispheric  and  /one  beams:  1 10  teed  horns  (trans¬ 
mit).  1 14  feed  horns  (receive):  when  the  satellite  is  upright,  hemi¬ 
spheric  beam  1  is  west  and  beam  2  is  east,  /one  beam  «  is 
northwest,  beam  13  is  northeast,  beam  y  is  southwest,  and  beam  6 
is  southeast  (/one  I  is  a  +  8.  /one  2  is  (3  +  yi:  when  the  spacecraft 
is  inverted,  each  compass  diiection  is  replaced  by  its  comple¬ 
ment;  /ones  rx  and  y  overlap  hemisphere  I  and  /ones  [3  and  8 
ov  erlap  hemisphere  2.  the  /ones  and  hemispheres  are  on  orthogo¬ 
nal  circular  polarizations,  the  hemisphere  beams  are  spatially  sep¬ 
arate.  as  are  the  /one  beams;  minimum  interheam  isolation  is 
27  dB 

1 1- 12/14  GH/:  three  circular  parabolic  reflectors,  two  (SI  and 
S2)  shaped  to  generate  elliptical  beams:  each  used  for  both  trans¬ 
mission  and  reception:  one  beam  and  one  feed  horn  (SI.  S3),  two 
beams  and  two  feed  horns  <S2l  with  the  second  switched  in  (2  + 
2A)  or  mil:  1.3  x  2.7  deg/1.9  x  4.3  deg  (SI ).  2.0  x  3.5  deg/3. 0  x 
5.4  deg  <S2).  2.0  x  2.8  deg  (S3)  inner/ouler  coverage  bcamw  idih; 
33.7/31.5/34.6/31.3  dB  gain  (SI).  3 1 .6/28.4/32.0/28.5  dB  gain 
(S2).  34.2/32.4/34.8/32.2  dB  gain  (S3)  inner  coverage  transmit/ 
outer  coverage  transmit/inner  coverage  recciv e/outer  coverage  re¬ 
ceive:  each  antenna  transmits  and  receives  using  orthogonal  lin¬ 
ear  polarizations.  SI  and  S2  use  opposite  polarizations.  S3  is  the 
same  as  SI  on  Satellites  1- 1  and  F-2  and  switchable  on  later  sat¬ 
ellites;  each  beam  steerable  lo  any  point  on  earth 
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Design  life 

10.9  years,  with  fuel  for  12.5  years  (Atlas  launch  vehicle)  or  19 
years  (Ariane  launch  vehicle) 

Orbit 

Synchronous  equatorial,  stationkeeping  to  ±().()5°N-S  and  E-W 

Orbital  history 

I  - 1.  launch  scheduled  IW 

F-2.  launch  scheduled  1993 

E-3.  launch  date  uncertain 

E-4.  launch  date  uncertain 

E-5.  launch  date  uncertain 

Ariane  launch  vehicle  for  three  satellites 

Atlas-Centaur  launch  vehicle  for  two  satellites 

Management 

Developed  for  Intelsat  by  Space  Systems  Loral  (formerly  Ford 
Aerospace  Corporation)  with  subcontractors  from  France.  Japan. 
Germany.  Italy,  the  Netherlands,  the  United  Kingdom.  Canada, 
the  United  States 
Operated  by  Intelsat 

The  communications  subsystem  is  similar  to  those  of  Intelsat 
V-A  and  VI.  It  has  more  flexibility  in  switching  individual  re¬ 


peaters  between  the  antenna  beams,  a  third  K-band  spot  beam, 
and  the  ability  to  steer  each  spot  beam  independently  ov  er  the  en¬ 
tire  earth.  Compared  to  Intelsat  VI.  the  communication  sub¬ 
system  is  simplified  by  not  including  the  fust  switch  matrices  for 
SS/TDMA.  by  reusing  the  frequency  band  only  twice  in  the  /one 
beams  (rather  than  four  times),  and  by  not  hav  ing  recontigurable 
beam  shapes  for  hemispheric  or  /one  beams.  The  latter  simplifi¬ 
cation  is  compensated  for  by  the  ability  of  the  spacecraft  to  inv  ert 
itself  in  orbit,  thereby  reversing  the  unequal  hemispheric  beams 
and  /one  beams  to  optimize  ground  terminal  coverage  from  v  ari¬ 
ous  orbital  locations,  as  shown  in  the  figure.  Intelsat  VII  is  the 
first  Intelsat  to  hav  e  command  security  . 

Because  of  the  attitude  inversion  capability,  new  beam  desig¬ 
nations  are  required.  The  two  hemispheric  beams  are  Numbers  I 
and  2.  which  correspond  to  the  earlier  satellites'  west  and  east 
hemispheric  beams  in  normal  satellite  attitude,  but  become  east 
and  west,  respectively,  when  the  satellite  is  inverted.  The  four 
/ones  are  designated  ct.  B.  y.  and  5  and  are  northwest,  northeast, 
southwest,  and  southeast  when  the  satellite  is  in  normal  attitude. 
Zones  a  and  8  are  combined  into  zone  beam  I :  /ones  B  and  y  are 
combined  into  zone  beam  2.  Each  zone  beam  repeater  is  assigned 
to  a  zone  beam  and  can  be  switched  to  either  zone  within  the 
beam.  The  two  zones  in  each  zone  beam  are  diagonally  opposed, 
rather  than  in  the  same  hemisphere,  so  that  both  zone  beams  can 
support  the  same  hemisphere.  The  reason  for  this  is  that  ground 
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Solar  array  panels 
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a.  The  numbers  in  parentheses  are  channel  numbers.  The  multiple 
numbers  indicate  channel  bandwidths  >36  MHz,  e  g  ,  (1-2)  is  a 
channel  occupying  the  spectrum  used  by  Channels  1  and  2  on 
Intelsat  IV. 

b.  Channel  9  may  be  used  on  both  hemispheric  and  zone  beams  or  on 
the  global  and  spot  beams. 

c.  See  text  for  geographic  coverage  of  hemispheric  and  zone  beams. 

d.  LHC/RHC  »  left  /right-hand  circular  polarization; 

LIN  - linear  polarization. 

e.  K-band  antennas  (Spots  1 , 2,  and  3)  have  diplexers  that  are  not 
shown. 
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The  LO  input  for  (7-9)  and  (10-12)  is  fixed  at  7.50  GHz  (band  B).  For  (1-2), 
(3-4),  and  (5-6)  the  LOs  may  each  be  switched  to  7.25  GHz  (band  A),  8  005 
GHz  (band  C),  or  8.805  GHz  (band  D).  The  output  combiner  for  Spot  3  can 
accomodate  channels  on  all  four  bands  One  output  combiner  for  Spots  1  and 
2  can  accomodate  channels  on  bands  A,  B,  and  C;  the  other  can  accomodate 
channels  on  bands  A,  B.  and  0 
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station  traffic  is  not  balanced  between  east  and  west  for  most  pro¬ 
spective  Intelsat  VII  orbital  locations.  The  switch  matrices  in  the 
center  of  the  communication  subsystem  allow  most  repeaters  to 
be  connected  to  any  one  of  six  beams  for  reception  and  indepen¬ 
dently  to  any  of  the  six  beams  for  transmission.  The  six  are  the 
two  hemispheric  beams,  the  two  /.one  beams,  and  two  K-band 
spot  beams.  Further  switching  in  the  K-band  receiver  and  trans¬ 
mitter  sections  allows  switching  of  any  repeater  to  a  third  K-band 
beam.  The  remaining  repeaters  may  each  be  connected  to  the  C- 
band  global  coverage  antenna  or  spot-beam  antenna  for  reception 
and  transmission.  K-band  Spot  beam  2  has  an  auxiliary  feed 
which  may  be  used  to  form  an  additional  beam  2A;  this  capability 
will  be  used  only  when  beam  2  is  centered  on  Japan,  which  will 
aim  beam  2  A  at  the  southeast  part  of  Australia. 

The  basic  frequency  plan  is  the  same  as  other  Intelsats.  One 
difference  is  the  repeaters  for  channel  (5.6),  which  operate  as  two 
separate  uplink  channels  (5).  (6)  of  34-MHz  bandwidth  for  recep¬ 
tion  and  switching,  but  are  combined  into  one  channel  of  72-MHz 
bandwidth  for  transmission.  The  other  difference  is  the  regroup¬ 
ing  of  the  upper  half  of  the  K-band  into  two  equal  channels,  each 
of  1 12-MHz  bandwidth.  These  repeaters  are  fixed  in  the  10.95-  to 
1 1 .2-GH/  downlink  band.  The  repeaters  in  the  lower  half  of  the 
K-band  are  switchable  between  two  or  three  250-MHz  downlink 
bands  to  accommodate  all  available  frequency  allocations  around 
the  world. 

The  Intelsat  VII  contract  was  awarded  in  October  1988  and 
covers  five  satellites.  The  contract  makes  a  distinction  between 
design  life  and  maneuvering  life.  The  former,  specified  as  10 
years  minimum,  was  negotiated  as  10.9  years.  The  latter,  depend¬ 
ing  on  the  launch  vehicle  and  the  amount  of  fuel  carried  on  the 
satellite,  can  be  as  long  as  19  years.  This  recognizes  the  fact  that 
significant  capabilities  have  existed  on  almost  all  Intelsats  beyond 
their  design  life,  and  that  these  capabilities  are  available  to  all 
ground  terminals  if  fuel  is  available  for  stationkeeping.  Further¬ 
more.  Intelsat  VII  is  designed  to  operate  beyond  stationkeeping 
life,  at  up  to  3  deg  inclination,  where  it  w'ill  be  useful  to  ground 
terminals  with  tracking  capabilities. 

The  first  satellite  will  be  ready  for  launch  by  the  end  of  1992. 
The  remaining  four  satellites  are  to  be  ready  at  five-month  inter¬ 
vals.  To  guard  against  launch  system  failures  and  outages.  Intel¬ 
sat  specified  that  the  satellites  be  compatible  with  several  launch 
vehicles.  Of  the  four  possibilities.  Intelsat  then  chose  two  and  di¬ 
vided  the  satellites  between  them.  Satellite  growth  for  payload 
enhancements  is  being  studied  for  satellites  which  might  be  or¬ 
dered  beyond  the  five-satellite  contract  (see  the  Intelsat  VII-A 
section). 
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INMARSAT  III 

The  Inmarsat  II  satellites,  launched  first  in  1990,  will  operate  radiated  power  in  each  beam  will  be  about  twenty  times  more 

into  the  early  years  of  the  next  century.  The  Inmarsat  III  develop-  than  the  radiated  power  in  the  Inmarsat  II  global  beam, 

ment  is  not  paced  by  a  lifetime  limitation  of  Inmarsat  II.  but  by  its  Inmarsat  III  w  ill  have  an  L-band  receive.  L-band  transmit  trail- 

capacity  limitation.  The  number  of  ships  using  Inmarsat  inereas-  sponder  to  allow  mobiles  to  communicate  directly  with  each  oth- 

es  every  year,  both  by  choice  and  gradually  due  to  governments'  er.  Such  a  transponder  is  not  on  earlier  satellites,  requiring 

requirements  that  ships  be  equipped  for  satellite  communications.  mobile-to-mobile  communications  to  be  routed  through  a  shore 

In  addition,  since  1990.  Inmarsat  has  provided  service  to  air-  station.  Another  new  payload  on  Inmarsat  II)  will  be  a  navigation 

planes  as  well  as  ships.  Besides  requiring  increased  satellite  ca-  signal  transmitter.  Its  frequency  and  signal  structure  will  be  like 

pacity.  the  airplanes  also  require  more  of  the  satellites'  power  those  of  the  United  States'  Global  Positioning  Satellite  (GPS)  and 

because  of  their  smaller  antennas.  the  Soviet  Union’s  Glonass  navigation  satellites. 

Inmarsat  III  will  answer  the  needs  for  increased  capacity  and  Inmarsat  III  proposals  were  evaluated  in  the  spring  of  1990.  In 
power.  Since  the  spectrum  for  mobile  satellite  communications  is  the  summer,  negotiations  with  a  contractor  began  in  parallel  w  ith 

limited,  the  capacity  increase  w  ill  come  from  the  use  of  five  spot  a  live-month  technology  validation  program.  The  formal  contract 

beams,  in  addition  to  the  global  beam  used  on  Inmarsat  II.  The  was  signed  in  February  1991.  and  the  first  Inmarsat  III  launch 

probably  will  occur  in  1995. 


INTELSAT  Vll-A 

At  the  end  of  1990.  Intelsat  made  a  decision  to  develop  Intelsat  spot-beam  uplink  and  a  C-band  global-beam  dow  nlink.  The 

VILA  satellites  as  a  growth  version  of  Intelsat  VII.  The  grow  th  in  changes  in  the  K-band  part  of  the  subsystem  are  more  extensive, 

the  communication  subsystem  includes  higher  transmitter  powers  The  primary  architectural  change  in  the  K-band  communica- 
in  both  C-band  (4  GHz)  and  K-band  (11-12  GHz),  lour  more  K-  lions  equipment  is  the  addition  of  dual-polarization  capability  to 

band  channels  which  are  accommodated  by  dual  polarization  fre-  Spot  Beams  I  and  2.  to  form  Spots  IX  and  2X.  Each  of  the  new 

qaency  reuse  on  two  spot-beam  antennas,  and  greater  flexibility  spots  requires  a  receiver,  and  another  spare  receiver  is  being  add¬ 
in  the  K-band  downlinks.  ed.  so  that  the  total  complement  is  five  active  plus  three  spare  re- 

I  he  satellite  design  is  based  upon  Intelsat  VII;  the  changes  are  ceivers.  Additional  upeonverters.  switches,  tillers,  and  amplifiers 

those  necessary  to  support  the  higher  weight  and  power  of  the  allow  each  new  spot  to  handle  two  channels,  increasing  the  total 

modified  communication  subsystem.  A  fourth  panel  is  being  add-  number  from  ten  to  fourteen.  Considerable  switching  exists  to  al- 

ed  to  each  w  ing  of  the  solar  array,  w  hich  already  had  been  de-  low  several  choices  of  frequencies  for  these  additional  channels, 

signed  to  accommodate  the  fourth  panel,  and  battery  capacity  is  Seven  TWTAs  have  been  added,  and  all  the  TWTAs  have  been 

being  increased.  These  changes  increase  satellite  power  by  about  regrouped  into  two  groups  of  six  TWTAs  for  four  channels  and 

I  kW.  I  he  basic  structure  is  being  lengthened,  as  are  the  north  two  groups  ot  five  for  three.  One  group  of  six  and  one  group  of 

and  south  faces  of  the  body.  This  change  w  ill  provide  space  for  live  have  73-W  TWTAs;  the  other  groups  have  49  W  TWTAs. 

the  additional  communications  hardware,  and  for  larger  fuel  and  This  is  an  increase  from  the  50  W  and  35  W  on  Intelsat  VII.  re- 
oxidizer  tanks.  The  larger  tanks  will  allow  the  satellite  lifetime  to  suiting  in  about  I  to  2  dB  more  radiated  power.  Furthermore,  two 

match  that  of  Intelsat  VII.  Larger  heat  pipes  are  being  added  and  TWTAs  can  be  combined  on  command  to  give  2.2-  to  2.5-dB  ad- 

other  minor  changes  are  being  made.  The  appearance  of  the  sat-  ditional  output.  Another  change  in  the  K-band  equipment  allows 

ellite  w  ill  be  the  same  as  Intelsat  VII  except  for  the  slightly  longer  channels  (1-2).  (3-4).  and  (5-6)  to  be  switched  to  any  of  the  three 
body  and  the  fourth  solar  panel  on  each  side.  dow  nlink  bands  for  Spot  Beams  I  and  2  instead  of  only  two 

The  only  changes  in  the  (’-band  part  of  the  communication  choices  per  beam  on  Intelsat  VII.  All  three  choices  are  available 

subsystem  are  an  increase  in  the  solid-state  amplifier  power  from  on  Spot  Beams  IX  and  2X. 

16  to  30  W  for  four  global  beam  repeaters,  new  redundancy  Other  aspects  of  the  satellite  and  communication  subsystem 

switching,  and  a  switch  to  allow  connection  between  a  K-band  are  as  described  earlier  for  Intelsat  VII.  Two  Intelsat  VILA  satel¬ 
lites  are  on  contract.  Thev  wilt  be  launched  about  1905. 
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INTELSAT  SYSTEM 


Intelsat  (the  International  Telecommunication  Satellite  Orga¬ 
nization)  is  an  organization  comprising  120  member  nations  1 1- 
69|.  Its  structure  is  defined  in  the  Definitive  Agreements  that  went 
into  effect  in  February  1073.  replacing  the  Interim  Agreements 
that  had  been  in  use  since  the  inception  of  Intelsat  in  1064.  This 
change  w  as  accomplished  by  a  change  from  Consortium  to  Or%>u- 
nitutinn  in  the  full  name  of  Intelsat.  Intelsat  policy  and  long-term 
plans  are  formulated  by  the  Assembly  of  Parties,  w  hich  meets 
about  once  ev  ery  two  years  and  is  composed  of  all  governments 
that  are  members  of  Intelsat.  Each  government  has  one  vote.  Ba¬ 
sie  financial,  technical,  and  operational  matters  are  decided  at 
yearly  meetings  of  telecommunications  representatives  (either  a 
governmental  or  a  private  agency)  of  the  member  governments. 
The  Board  of  Governors  meets  about  five  times  a  year  to  make 
decisions  on  the  design,  development,  operation,  and  mainte¬ 
nance  of  the  satellites.  The  Board  of  Governors  is  composed  of 
about  28  members.  Most  members  represent  countries  or  groups 
of  countries  w  ith  relatively  large  ownership  percentages.  The  re¬ 
maining  members  are  representatives  of  geographic  regions 
where  countries  do  not  have  large  ownership  percentages:  this  en¬ 
sures  a  worldwide  distribution  of  the  hoard  members. 

Ownership  percentages  reflect  national  investments  in  Intelsat: 
these  percentages  are  adjusted  to  approximate  each  country's  use 
of  the  system.  When  Intelsat  began,  the  United  Stales  ownership 
was  over  60 'ii .  As  more  nations  began  using  the  system,  this  per¬ 
centage  dropped  and  has  been  22 (7r  to  2V/<  since  the  late  1970s. 
Australia.  Canada.  France.  Germany.  Italy.  Japan.  South  Korea, 
and  the  United  Kingdom  are  the  other  large  owners,  w  ith  percent¬ 
ages  between  2r/<  to  \V7< . 

The  Intelsat  communication  system  includes  the  satellites  de¬ 
scribed  earlier,  a  large  number  of  ground  terminals,  and  a  control 
center.  Intelsat  owns  the  satellites,  but  each  member  owns  its 
own  terminals.  The  system  is  composed  of  Atlantic.  Pacific,  and 
Indian  Ocean  regions.  The  number  of  ground  terminals  has  in¬ 
creased  yearly  since  the  system  became  operational  in  1965.  The 
number  of  countries  w  ith  terminals  and  the  total  number  of  anten¬ 
nas  are  shown  in  the  figure.  The  latter  numbers  are  larger,  since 


some  countries  have  separate  terminals  operating  with  different 
regions  of  the  system,  and  some  terminals  use  two  or  three  anten¬ 
nas  for  simultaneous  communications  through  the  several  active 
Atlantic  region  satellites.  Only  those  antennas  used  in  Intelsat's 
public  international  network  are  shown.  Many  countries  also  use 
leased  Intelsat  satellite  capacity  for  domestic  networks.  The 
number  of  antennas  used  in  these  networks  increased  rapidly 
since  the  late  1970s  and.  by  1983.  exceeded  the  number  of  anten¬ 
nas  shown  in  the  figure.  The  overall  yearly  Intelsat  system  reli¬ 
ability  is  typically  above  99.9 r/i . 

Some  basic  characteristics  of  the  Intelsat  ground  terminals  are 
given  in  Table  I.  Nearly  all  the  terminals  now  in  use  correspond 
to  one  of  these  standard  types.  The  standard  A  terminals  have 
been  in  use  since  the  1960s.  Although  certain  features  are  stan¬ 
dard.  the  terminals  have  significant  differences  in  the  amount  of 
electronic  equipment  they  have,  which  depends  on  the  number, 
type,  and  capacity  of  the  communication  links  that  must  be  han¬ 
dled  simultaneously.  Their  large  antenna  size  was  necessary,  be¬ 
cause  the  early  satellites  (through  Intelsat  111 )  were  power  limited. 
Thus,  system  capacity  was  a  function  of  ground  antenna  gain,  so 
large  antennas  were  used.  Beginning  with  Intelsat  IV.  the  satellite 
power  limitation  decreased.  Therefore.  Intelsat  adopted  a  specifi¬ 
cation  for  the  smaller  standard  B  terminal.  The  objective  of  stan¬ 
dard  B  is  to  provide  a  lower  cost  terminal  for  nations  with 
moderate  traffic  requirements  (typically  not  more  than  24  voice 
circuits).  Although  the  terminal  cost  is  lower,  the  per  circuit  sat¬ 
ellite  usage  charge  is  higher  for  standard  B.  because  of  its  lower 
gain.  Standard  B  terminals  have  been  in  use  for  over  a  decade, 
but  they  number  only  one-third  us  many  as  standard  A.  In  1986. 
because  of  the  continuing  increase  in  satellite  performance.  Intel¬ 
sat  reduced  the  standard  A  gain  requirements,  allow  ing  a  smaller 
antenna  diameter. 

The  standard  C  terminals  communicate  with  the  1 1-  and  14- 
GHz  transponders  first  used  on  Intelsat  V  satellites.  At  these  fre¬ 
quencies.  rain  attenuation  is  significant  and  is  accounted  for  in  the 
terminal  specification.  Some  standard  C  terminals  use  two  anten¬ 
nas  separated  by  ten  to  twenty  miles  in  order  to  overcome  rain 


Intelsat  system. 


hi  hie  I.  Intelsat  Standard  Terminal  Characteristics 


TERMINAL  TYPE 

A 

B 

c 

D1,  D2 

El,  E2,  E3 

FI,  F2,  F3 

G,Z 

Use 

International 

public 

communications 
(medium  to  high 
capacity) 

International 

public 

communications 
(low  to  medium 
capacity) 

International 

public 

communications 
(medium  to  high 
capacity) 

International 

public 

communications 
(very  low  to  low 
capacity) 

Business 
services 
(domestic  or 
international) 

Business 
services 
(domestic  or 
international) 

G;  International 
private 
networks 
(via  leased 
transponders) 
2;  Domestic 
networks 
(via  leased  or 
purchased 
transponders) 

Frequency  band 

Ca 

C 

Kub 

C 

Extended  Kuc 

C 

C  or  Ku 

Antenna  diameter 

15-18m 
(49-59  ft)d 

10-12m 
(33-39  ft) 

17-18m 
(56-59  ft)d 

4.5-5,  11-13m 
(15-16.5,36-44  ft) 

3.5,  5.5,  8m 
(11.5,  18,  26  ft) 

4.5-5,  7-8,  9-10m 
(15-16.5,  23-26, 
29.5-33  ft) 

G/T  (minimum) 

35  dB/Kd 

31.7  dB/K 

greater  of 

37  dB/K  +  L®  or 
29.5  dB/K  +  L® 

22.7  dB/K, 

31.7  dB/K 

25,  29,  34  dB/K 

22.7,  27,  29  dB/K 

Selected  by 
network  operator 

Types  of 
transmissions 

FDM/FM,  CFDM/ 
FM,  SCPC / 
QPSK,  SCPC / 
CFM,  TV/FM, 
TMDA 

CFDM/FM, 
SCPC/QPSK, 
TV/FM,  QPSK / 
FDMA 

FDM/FM,  CFDM / 
FM,  TDMA 

SCPC/CFM 

QPSK/FDMA 

QPSK/FDMA 

Selected  by 
network  operator 

Sidelobes 

^ 32-25  log  0  dBf 
(fsds  48°) 

S  -10  dB 
(0>  48°) 

Same 

Same 

Same8 

Same 

Same0 

Same8 

Polarization* 

Circular 

Circular 

Linear 

Circular 

Linear 

Circular 

Circular  (C-band) 
Linear  (K-band) 

3  Transmit  5.925  to  6.425  GHz,  receive  3.7  to  4.2  GHz  (through  Intelsat  V); 
transmit  5.85  to  6.425  GHz,  receive  3.625  to  4.2  GHz  (Intelsat  VI);  not  all 
terminals  will  be  equipped  for  the  entire  band  of  frequencies. 

b  Transmit  14.0  to  14.5  GHz,  receive  10.95  to  11.7  GHz. 

0  Transmit  14.0  to  14.25  GHz,  receive  10.95  to  11.7  GHz,  and  11.7  to  11.95 
GHz  (Western  Hemisphere)  or  12.5  to  12.75  GHz  (Eastern  Hemisphere). 

d  Prior  to  1986  the  A  size  was  95-105  ft,  the  C  size  was  56-59  ft,  and  the 
G/T  values  were  higher. 


®  L,  =  clear  sky  attenuation;  =  attenuation  exceeded  0.017%  of  a 
year. 

*  Will  probably  be  reduced  to  29-25  log  0  dB. 

9  If  100  >  (D/X)  (antenna  diameter  to  wavelength  ratio),  then  the  1°  limit 
is  changed  to  100  (X/D). 

h  Axial  ratio  for  C-band  is  ^1.06  (except  <1.3  for  D1);  for  Ku-band  £31.6. 


attenuation  by  space  diversity.  The  standard  C  terminals  are  only 
used  by  nations  with  major  communication  requirements,  which 
already  have  one  or  more  standard  A  terminals. 

Standard  D  is  a  move  in  the  opposite  direction.  The  objective 
is  to  provide  a  terminal  of  lower  cost  than  standard  B  for  places 
w it h  very  low  communications  requirements;  perhaps  only  one  or 
two  voice  circuits  per  terminal.  Standard  D  came  into  use  in  the 
mid-1980s  and  has  been  applied  by  small  island  nations  in  the  Pa¬ 
cific.  and  by  some  African  nations,  for  communications  between 
their  capitals  and  small  cities  in  rural  areas. 

The  standard  E  and  F  terminals  also  date  from  the  mid-1980s. 
The  difference  between  E  and  F  is  only  the  frequency  band  used 
and  the  frequency-dependent  specifications.  Both  are  for  use 
with  Intelsat  Business  Service  (IBS).  These  terminals  are  either 
located  at  a  specific  customer  location,  or  serve  multiple  custom¬ 
ers  in  a  relatively  small  area,  such  as  one  metropolis.  This  type  of 
customer-specific  siting  is  in  contrast  to  the  earlier  terminals, 
which  typically  serve  a  whole  nation. 

Standard  G  and  Z  terminals  are  not  used  with  the  Intelsat  glo¬ 
bal.  public  communications  network.  Rather,  they  are  used  in  do¬ 
mestic  or  binational  networks  that  use  leased  or  purchased 


Intelsat  satellite  capacity.  The  network  operator  is  free  to  deter¬ 
mine  most  design  and  operating  characteristics.  Intelsat  specifies 
what  is  necessary  to  ensure  that  these  terminals  do  not  interfere 
with  other  users  of  the  satellite.  Many  standard  Z  terminals  are  in 
use  in  domestic  networks.  Most  have  relatively  small  antennas. 
However,  there  are  some  standard  A  and  B  terminals  that  handle 
communication  links  in  domestic  and  binational  networks  in  ad¬ 
dition  to  their  regular  Intelsat  links. 

The  Intelsat  system  also  has  six  TT&C  terminals  and  four 
TDMA  reference  and  monitoring  terminals.  These  terminals  con¬ 
tinually  monitor  all  communication  downlinks  for  satellite  prob¬ 
lems  or  evidence  of  out-of-specification  conditions  in  any 
transmission.  The  TT&C  terminals  monitor  satellite  health  v  ia 
the  telemetry  they  receive,  gather  data  to  be  used  in  orbit  predic¬ 
tions.  and  transit  commands.  They  are  located  in  Maryland.  Ha¬ 
waii.  Australia.  Italy.  Germany,  and  China.  They  are  under  the 
direction  of  the  Intelsat  Operations  Center  in  Washington.  D  C. 
and  are  linked  with  it  via  Intelsat  satellites. 

Intelsat  handles  telephone,  telegraph,  data,  and  television  traf¬ 
fic.  Telephone  is  the  major  portion  of  the  traffic.  In  the  early 
years,  almost  all  the  Intelsat  traffic  was  voice;  but  w  ith  the  grow  th 
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of  telev  ision  transmissions  and  more  recently  w  ith  a  surge  in  non- 
voice  digital  serv  ices,  revenues  from  voice  traffic  are  down  to 
about  65%  of  total  revenue.  Telev  ision  accounts  for  about  10% 
of  the  revenues,  except  in  months  w  ith  ev  ents  of  worldw  ide  inter¬ 
est.  e.g..  Olympic  Games.  The  Atlantic  region  has  always  had  the 
majority  of  all  Intelsat  traffic,  almost  70%  in  the  early  years  de¬ 
ereasing  to  about  60%  at  present.  The  Pacific  region  began  earli¬ 
er  than  the  Indian  Ocean  region  because  of  earlier  satellite 
availability.  However.  Indian  Ocean  traffic  rose  above  Pacific 
traffic  when  considerable  Hawaiian  and  Alaskan  traffic  was  trans¬ 
ferred  to  United  States  domestic  systems.  In  recent  years.  Pacific 
traffic  has  grown  quickly,  as  many  small  nations  have  begun  to 
use  the  system. 

This  traffic  is  the  international  use  of  the  Intelsat  satellites. 
Beginning  in  1974.  Intelsat  leased  spare  satellite  capacity  for  use 
in  domestic  satellite  communication  systems.  Since  the  end  of 
the  1970s.  this  serv  ice  has  rapidly  increased  in  popularity.  By 
1985.  over  two  dozen  countries  were  leasing  Intelsat  capacity, 
and  about  a  dozen  others  had  plans  to  do  so.  Because  of  this  rapid 
growth,  the  1982  Intelsat  changed  its  policy  from  providing  this 
service  by  means  of  excess  satellite  capacity  to  planning  future 
satellite  capacity  to  meet  the  expected  demand,  and  in  1985  Intel¬ 
sat  authori/ed  satellite  transponder  sales  to  member  nations. 
(Leased  and  purchased  satellte  capacity  is  described  in  a  later  sec¬ 
tion.)  In  addition,  in  1982.  Intelsat  began  leasing  satellite  capaci¬ 
ty  for  international  television  transmission.  Eight  nations  now 
participate  in  these  binational  transmissions  and  others  are  plan¬ 
ning  new  links. 

Satellite  capacity  is  allocated  to  the  terminals  by  preassign¬ 
ment  and  demand  assignment.  Preassignments  arc  made  by  the 
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Operations  Center  for  long-duration  use.  and  preassigned  links 
are  either  single  channel  per  carrier  (SCPC)  or  multiplexed  voice 
circuits  in  certain  standard  sizes  between  24  and  972  circuits. 
Television  transmissions  are  preassigned  also.  Demand  assign¬ 
ment.  introduced  in  1971.  uses  the  SPADE  technique  (single 
channel  per  carrier,  pulse  code  modulation,  multiple  access,  de¬ 
mand-assigned  equipment).  With  this  technique,  a  satellite  tran¬ 
sponder  is  div  ided  into  4(X)  channel  pairs,  each  pair  handling  one 
voice  conversation  by  means  of  two  SCPC  transmissions.  Each 
SPADE  terminal  has  a  small  computer  that  selects  a  channel  pair 
at  the  time  a  link  is  required.  Immediately  after  use.  the  pair  is  re¬ 
leased  and  returned  to  the  pool  of  channels  available  to  all  termi¬ 
nals.  Demand  assignment  is  used  for  traffic  peaks  above 
preassigned  capacity  or  between  terminals  with  no  preassigned 
circuits. 

A  number  of  transmission  techniques  are  used  in  the  Intelsat 
network.  The  choice  depends  primarily  on  the  type  and  quantity 
of  information  to  be  transmitted,  and  secondarily  on  the  types  of 
ground  terminals  used.  When  Intelsat  began,  the  only  links  were 
between  a  few  large  ground  terminals  in  developed  countries. 
Each  link  handled  multiple  voice  circuits.  Because  of  the 


equipment  and  experienee  developed  in  terrestrial  mierowave 
systems,  frequency  division  multiplexing  (FDM)/FM  became  the 
early  Intelsat  tranmission  standard  and  is  still  used  on  many  links. 
FDM/FM  transmissions  occur  at  one  of  several  specified  capaci¬ 
ties  (e.g..  24.  60... 792.  972  voice  circuits),  each  with  a  satellite 
bandwidth  allocation.  All  except  the  largest  transmission  share 
satellite  transponders  by  FDMA. 

SPADE  transmissions  are  SCPC/QPSK/FDM A.  The  same 
transmission  format,  except  with  preassignment,  is  commonly 
used  by  standard  B  terminals,  which  usually  do  not  have  suffi¬ 
cient  traffic  for  the  multiple  voice  circuit  FDM  transmissions. 
The  SCPC  data  rate  is  64  kbps,  conveying  either  a  single  voice 
circuit  or  a  single  digital  data  circuit  or  multiplexed  lower  rate 
data  circuits. 

With  increasing  traffic,  some  standard  B  terminals  were  out¬ 
growing  the  SCPC  technique  on  some  links.  FDM/FM  with  com¬ 
panding  (CFDM/FM)  has  been  introduced,  beginning  in  1983.  on 
selected  links  between  both  standard  A  and  B  terminals.  The  sig¬ 
nal  quality  improvement  due  to  companding  partially  offsets  the 
lower  gain  of  standard  B  terminals. 

Television  transmissions  use  FM.  At  first,  and  continuing  at 
present,  a  single  TV/FM  signal  was  assigned  to  a  36-MH/  satel¬ 
lite  transponder.  More  recently,  for  more  efficient  use  of  satellite 
capacity,  two  TV/FM  signals  may  share  a  transponder. 

As  the  number  of  countries  that  use  Intelsat  increased,  the  di¬ 
versity  of  routings  multiplied.  As  a  result,  the  percentage  of  links 
requiring  high-capacity  FDM/FM  carriers  decreased,  and  the 
number  of  low-capacity  carriers  increased.  This  reduced  the  ef¬ 
fective  satellite  capacity,  which  drops  as  the  number  of  FDMA 
carriers  per  transponder  grows.  Therefore,  in  1978.  Intelsat  be¬ 
gan  field  tests  with  TDMA.  which  provides  more  capacity  than 
FDMA  for  the  projected  traffic  loading  on  many  Intelsat  tran¬ 
sponders. 

Since  1981.  there  has  been  limited  operational  use  of  TDMA 
on  Intelsat  V  satellites.  The  transmission  rate  is  120.8  Mbps  and 
uses  72-MH/  bandwidth  transponders.  Intelsat  V-A  satellites 
have  some  changes  to  provide  better  response  to  TDMA  trans¬ 
mission  as  system  use  increases.  Full  operational  use  of  TDMA 
began  in  1985.  Its  effectiveness  will  increase  as  the  Intelsat  VI 
satellites  are  launched,  because  these  satellites  have  a  dynamic 
switching  capacity,  which  can  reconfigure  the  antenna  beam  in¬ 
terconnections  on  a  TDMA  burst-to-burst  basis  (SS/TDMA)  to 
maintain  a  high  level  of  connectivity  between  TDMA  ground  sta¬ 
tions  in  different  beams.  With  these  satellites,  about  half  of  Intel¬ 
sat's  traffic  will  use  TDMA  by  the  early  1990s.  Digital  speech 
interpolation  (DSI)  will  be  used  on  TDMA  voice  circuits  to  pro¬ 
vide  up  to  2-1/2  times  more  circuits  per  transponder  than  non-DSI 
FDMA  transmissions. 

In  addition,  the  data  rate  per  voice  circuit  is  being  reduced 
from  64  kbps  to  32  kbps  using  u.i  adaptive  voice  encoding  tech¬ 
nique;  this  provides  another  factor  of  2  improvement  in  efficiency 
of  transponder  use. 

To  make  use  of  these  benefits  of  digital  transmission  on  links 
not  requiring  the  very  high  TDMA  rate.  Intelsat  introduced  the 
Intermediate  Data  Rate  (IDR)  service  in  1984.  The  IDR  links  use 
QPSK  modulation,  information  rates  between  64  kbps  and  44.7 
Mbps,  error  correction  encoding,  and  share  transponders  by 
means  of  FDMA.  The  IDR  is  used  by  both  large  and  small  termi¬ 
nals. 

Intelsat  Business  Service  (IBS)  also  began  in  1984.  The  trans¬ 
mission  characteristics  are  the  same  as  IDR.  except  that  the  max¬ 


imum  data  rate  is  8.4  Mbps.  The  difference  is  that  IBS  is  for 
private  communications  via  earth  terminals  at  customer  sites  or  in 
a  nearby  city,  whereas  IDR  is  for  public  communications  via  mul¬ 
tiuse  earth  terminals  at  one  or  a  few  locations  per  country.  The 
standard  E  and  F  terminals  are  primarily  for  IBS;  IDR  is  used  by 
standard  A.  B.  and  C  terminals  as  well  as  E  and  F. 

Intelnet  is  another  digital  service  set  up  in  the  mid-1980s.  It  is 
for  low  rate  ( 1.2  to  128  kbps)  transmissions  to  or  from  small  ter¬ 
minals  (2-  to  8-ft  dia. ).  These  small  terminals  communicate  w  ith 
larger  terminals,  called  hubs.  The  modulation  is  either  BPSK  or 
QPSK,  and  the  multiple  access  is  either  by  FDMA  or  code  divi¬ 
sion  multiple  access  (CDMA). 

Vista  is  a  service  for  very  low'  capacity  voice  requirements, 
typically  one  or  two  circuits  per  location.  It  uses  standard  D  ter¬ 
minals  with  SCPC/companded  FM/FDMA  signalling. 

Intelsat  was  conceived  as  a  single,  global  communications  net¬ 
work  open  to  use  by  all  nations,  and  this  principle  is  included  in 
its  fundamental  Agreements.  Everyone  agrees  that  Intelsat  has 
been  successful  in  accomplishing  this.  Up  to  1988.  its  only  com¬ 
petition  had  been  Intersputnik,  a  Sov  iet  bloc  system  that  uses  So¬ 
viet  satellites.  In  addition,  intercontinental  telephone  calls,  but 
not  television  or  high-speed  data,  may  be  routed  by  means  of  ei¬ 
ther  Intelsat  or  undersea  cables. 

Along  with  the  deregulation  of  United  States  domestic  com¬ 
munications  in  the  1980s.  advocates  of  free  enterprise  and  com¬ 
petition  called  for  alternative  satellite  systems  for  intercontinental 
communications.  Besides  a  basic  free  enterprise  philosophy, 
these  advocates  say  that  there  are  communication  needs  not  ful¬ 
filled  by  Intelsat.  In  response.  Intelsat  dev  eloped  a  number  of  new 
serv  ices.  More  fundamentally.  Intelsat  argues  that  the  proposed 
competitive  satellites  would  skim  the  cream  from  the  largest 
links,  which  would  have  consequent  negative  economic  impacts 
on  the  many  lesser  developed  countries  that  use  Intelsat.  The  fo¬ 
cus  of  the  debate  was  several  satellite  systems  proposed  in  appli 
cations  tiled  with  the  FCC  in  1983  and  1984. 

Intelsat's  Definitive  Agreements  specify  that  all  member  na¬ 
tions  must  coordinate  international  satellite  links  with  Intelsat  to 
ensure  that  they  pose  no  technical  or  economic  harm  to  the  sys¬ 
tem.  Many  international  links  have  been  coordinated  with  Intel¬ 
sat.  Examples  are  United  States-Canadian  links  by  means  of  the 
domestic  satellites  of  the  two  countries,  and  the  Eutelsat  system 
for  intra-European  communications.  Howev  er,  the  reaction  w  ith¬ 
in  the  Intelsat  staff  and  membership  to  these  proposals  was  that 
they  have  the  potential  for  significant  economic  harm  and  thus 
could  not  pass  the  test  for  coordination.  The  United  States  Gov  ¬ 
ernment.  aware  of  its  obligation  as  an  Intelsat  member,  and  under 
pressure  from  Intelsat,  studied  the  situation.  The  conclusion,  in 
1985.  was  a  policy  that  private  systems  could  be  allowed  to  com¬ 
pete  w  ith  Intelsat,  but  only  for  certain  types  of  communications 
and  with  certain  conditions. 

On  the  basis  of  this  policy,  between  mid- 1 985  and  early  1986. 
the  FCC  granted  conditional  authorizations  to  six  applicants. 
These  conditional  authorizations  required  the  applicants  lo  com¬ 
plete  an  agreement  with  a  communications  entity  (usually  a  gov¬ 
ernment  agency)  in  at  least  one  foreign  country  and  to  complete 
the  Intelsat  coordination  process.  In  addition,  these  private  inter¬ 
national  systems  were  restricted  to  serv  ing  priv  ate  communica¬ 
tions  links  not  interconnected  with  the  public  switched  network 
and  to  providing  all  serv  ices  under  long-term  leases.  The  first  of 
these  systems  began  operation  in  1988  in  the  Atlantic  region. 
They  are  described  in  foregoing  sections. 
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INMARSAT  SYSTEM 


In  1972.  the  Intergovernmental  Maritime  Organization  (IMO) 
began  serious  studies  of  an  international  maritime  satellite  system 
for  which  it  had  issued  a  statement  of  requirements  in  1970  1 1- 
3b|.  These  studies  covered  institutional,  operational,  technical, 
and  economic  aspects  of  the  system.  The  primary  benefits  of 
such  a  sy  stem,  relative  to  terrestrial  radio  links,  are  higher  quality, 
fewer  delays,  more  reliability  and  privacy,  and  higher  data  rates 
for  communications  between  commercial  ships  and  the  interna¬ 
tional  public  communication  networks.  Provisions  for  handling 
distress  messages  are  included.  In  addition,  the  possibility  of  pro- 
\iding  a  position  determination  service  was  studied. 

IMO  has  about  80  member  nations,  of  w  hich  about  20  were 
active  in  the  initial  studies.  In  April  1975.  IMO  convened  an  in¬ 
ternational  conference  to  begin  establishing  the  system:  48  na¬ 
tions  were  represented.  It  was  unanimously  agreed  that  such  a 
system  is  necessary  and  that  a  new  organization— the  Internation¬ 
al  Maritime  Satellite  Organization  (Inmarsat) — should  be  formed 
to  operate  the  system.  In  197b.  the  Inmarsat  Convention  and  Op¬ 
erating  Agreement  were  opened  for  ratification  by  interested  gov¬ 
ernments.  and  an  international  preparatory  committee  was 
established  to  work  on  technical,  economic,  marketing,  and  orga¬ 
nizational  matters. 

The  Inmarsat  Convention  entered  into  force  in  July  1979.  The 
first  membership  of  Inmarsat  included  2b  nations;  that  number  in¬ 
creased  to  b4  by  spring  1991.  The  investment  share  of  each  na¬ 
tion  is  related  to  both  the  tonnage  of  ships  registered  w  ith  it  and 
the  volume  of  communications  to  and  from  it.  (For  the  United 
States,  these  factors  are  far  from  equal,  as  many  ships  registered 
in  other  countries  are  United  States-owned  and  communicate 
mostly  with  the  U  nited  States.)  The  investment  shares  are  adjust¬ 
ed  yearly  to  reflect  actual  use  of  the  system.  In  recent  years,  the 
major  shares  hav  e  been  about  25c/<  for  the  United  States.  1 4'v  for 
the  United  Kingdom.  12 r/<  for  Norway,  and  9 c/<  for  Japan.  Com¬ 
sat  Corporation  is  the  United  States  representative  in  Inmarsat. 

The  Inmarsat  organization  is  very  similar  to  that  of  Intelsat. 
The  assembly,  composed  of  representatives  from  all  member 
states,  reviews  activities  and  considers  long-term  policies.  The 
assembly  meets  once  every  two  years,  and  each  member  has  one 
vote.  The  council  meets  three  times  per  year  and  is  composed  of 
the  eighteen  largest  members  and  four  representatives  of  the  other 
members.  It  provides  direction  to  the  Directorate,  which  carries 
out  the  day-to-day  activities  of  Inmarsat.  Voting  in  the  council  is 
weighted  according  to  investment  percentages. 

The  Inmarsat  system  is  composed  of  four  segments.  Satellites 
are  either  leased  or  owned  by  Inmarsat.  Coast  earth  stations  are 
ow  ned  and  operated  by  Inmarsat  members.  Some  of  them  pro¬ 
vide  TT&C  facilities  for  Inmarsat  satellites.  Ship  earth  stations 
are  owned  (or  leased)  and  operated  by  shipowners.  Network  con¬ 
trol  is  exercised  from  the  Inmarsat  Operations  Control  Center  in 
London. 

l  or  its  initial  space  segment.  Inmarsat  chose  to  lease  satellites 
already  existing  or  in  development  in  order  to  begin  operations  as 
early  as  possible.  Several  configurations  were  studied.  The  one 
chosen  is  a  combination  of  Marisat  and  Marecs  satellites  anti  a 
maritime  communication  subsystem  (MCS)  on  the  fifth  through 
ninth  Intelsat  V  satellites.  On  1  February  1982.  Inmarsat  took 
over  the  use  of  the  three  Marisat  satellites  and  began  prov  iding 
service.  A  few  months  later,  the  lirst  Marecs  satellite  was  added 
to  the  system  and  became  the  primary  Atlantic  region  satellite. 

I  he  lirst  Intelsat  V  with  the  maritime  subsystem  was  launched  in 


September  1982  and  became  the  primary  Inmarsat  satellite  in  the 
Indian  Ocean  in  January  1983.  Marecs  B  was  lost  due  to  a  launch 
vehicle  failure.  Marecs  B2  was  launched  in  late  1984  and  became 
the  primary  Pacific  Ocean  satellite  in  January  1985.  In  the  spring 
of  198b.  the  positions  of  the  two  Marecs  satellites  were  reversed 
to  place  the  older  satellite  in  the  ocean  area  w  ith  less  traffic.  Intel¬ 
sat  V  satellites  have  the  primary  and  spare  roles  in  the  Indian 
Ocean.  There  is  also  one  Intelsat  V  in  each  of  the  other  ocean 
areas.  Inmarsat  still  has  the  Marisats  available  in  reserve,  and  it 
has  leased  capacity  on  one  for  use  by  land  mobile  terminals  in 
North  America. 

In  1990.  Inmarsat  switched  to  a  four-region  system.  The  oper¬ 
ational  satellites  were  Marecs  B2  (Atlantic  West).  Intelsat  Vs  (At¬ 
lantic  East  and  Indian).  Marecs  A  (until  June  1991 )  and  an 
Intelsat  (Pacific).  The  three  Marisats  remained  available  as 
spares.  At  the  end  of  1990.  the  first  Inmarsat  II  satellite  was 
launched.  T  hree  more  will  be  launched  by  the  start  of  1992  to 
prov  ide  one  for  each  region,  with  the  older  satellites  as  spares. 

The  growth  in  shore  and  ship  station  population  is  shown 
graphically.  Numbers  prior  to  1982  refer  to  the  Marisat  system. 
Shore  station  locations  include  the  United  States.  Japan.  Norway, 
the  United  Kingdom.  Singapore.  France.  Brazil,  the  Sov  iet 
Union.  Kuwait.  Italy.  Denmark,  and  Greece. 

Ship  stations  are  manufactured  in  various  countries  and  type- 
certified  by  Inmarsat.  The  majority  of  the  standard  A  type  are  on 
large  oil  tankers,  container  ships,  and  bulk  cargo  ships.  Smaller 
numbers  are  on  research  ships,  yachts,  fishing  vessels,  and  pas¬ 
senger  liners.  Non-ship  applications  include  antarctic  survey 
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Inmarsat  shore  and  slap  stations. 


Tabli  I.  Inmarsat  Stan  >n  Characteristics 


PARAMETER 

SHORE 

SHIP  EARTH  STATIONS 

STATIONS 

A  1 2 3 4 5 

B* 

C* 

Transmit  frequencies,  MHz 

6409  -  6425“ 

1676-  1 648 

Same 

Same 

Receive  frequencies,  MHz 

4179  -4200c 

1530-1546 

Same 

carr«e 

Transmit  ERP,  dBW 

^  70 

36-37 

-26 

-19 

Receive  G/T,  dB/K 

>32 

-4 

-  -  12 

-  -19 

Typical  antenna  diameter,  ft 

32-42 

3-4 

-  1-1/2 

<1 

Ship  station  capacity 

1  '■  nice  channel  or 
2400  bps  datac 

1  voice  channel  (reduced 
quality)  or  2400  bps  data 

Telegraphy  or 

1000  bps  data 

a  Tentative  data  L  Modified  stations  transmit  up  to  1  Mbps  data.  Other  modifications 

b  Shore  stations  also  have  L-band  (1650/1550  MHz)  transmission  and  are  being  considered  to  permit  multiple  simultaneous  voice  channels, 
reception  for  network  control  and  test  signals. 


teams,  arctic  weather  stations,  oil  production  platforms,  land  mo¬ 
bile  units,  and  a  balloon.  The  terminals  are  composed  of  an 
above-deck  unit  with  a  stabilized  antenna  and  some  electronics, 
mounted  in  a  radome.  and  a  below-deck  unit  with  most  of  th z 
electronics.  (Characteristics  are  given  in  Table  I.) 

The  common  Inmarsat  services  are  voice,  telex,  and  data. 
Data  may  be  transmitted  at  2400  bps  in  voice  channels,  at  56 
kbps,  or  at  rates  up  to  I  Mbps  by  specially  equipped  ships.  Data 
rates  of  56  kbps  and  above  are  ship-to-shore  only.  Modulation 
formats  include  companded  FM.  QPSK.  and  FSK 

In  1089.  use  of  standard  C  terminals  began.  They  are  smaller, 
allowing  use  on  smaller  ships,  trucks,  and  aircraft.  The  data  rate 
does  not  support  voice  transmissions  but  is  adequate  for  messages 
to  and  from  the  mobile  user,  and  position  determination  and  per¬ 
formance  monitoring.  The  transmissions  are  all  BPSK  with  error 
correction  coding. 

In  1982.  Inmarsat  began  investigating  service  to  airci aft.  Ini¬ 
tial  tests  were  conducted  in  1985.  and  further  demonstrations  con¬ 
tinued  through  1988.  In  1989.  operational  service  was  begun  for 
appropriately  equipped  planes.  The  high-speed  service  accom¬ 
modates  voice  or  data,  while  a  low-speed  service  has  the  standard 
C  capabilities. 

After  considerable  testing  and  demonstrations  of  service  to 
land  mobile  users,  operational  service  was  authorized  in  1989. 
The  primary  application  is  for  long-distance  trucking  companies, 
although  the  service  is  not  limited  to  them.  Land  mobile  users 
w  ill  have  the  standard  C  terminal  and  w  ill  communicate  w  ith  ex¬ 
isting  fixed  terminals  or  with  new  terminals  dedicated  to  launch 
mobile  services. 
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INTELSAT  LEASES  AND  SALES 


The  Intelsat  Definitive  Agreements,  which  came  into  force  in 
February  1073.  made  provision  for  leasing  satellite  capacity  for 
domestic  systems  |  I  - 1 5 1 .  The  Agreements  state  that  Intelsat 
space  segment  capacity  not  required  for  the  prime  Intelsat  objec¬ 
tive  (a  global  public  network)  shall  be  available  for  domestic  ser¬ 
vices  between  areas  separated  by  oceans  or  within  areas  not 
linked  by  terrestrial  facilities  where  there  are  natural  barriers  that 
hinder  the  establishment  of  such  facilities.  The  early  leases  satis¬ 
fied  this  condition,  but  it  seems  to  have  been  waived  for  many 
leases  of  recent  years. 

Interest  in  this  use  of  Intelsat  satellites  was  small  for  a  few 
years  hut  began  to  grow  rapidly  in  1077.  Many  countries  need  to 
improve  internal  communications  and  have  situations  well  suited 
to  the  use  of  satellites.  However,  most  do  not  have  (he  finances 
necessary  to  obtain  a  satellite  nor  enough  traffic  to  warrant  the  use 
of  a  whole  satellite.  Leasing  of  satellite  capacity  has  been  the  an¬ 
swer  to  these  needs.  Intelsat  provides  almost  all  the  leased  capac¬ 
ity  because  of  their  many  satellites  and  global  deployment.  Aside 
from  Intelsat.  Indonesia  has  leased  some  capacity  to  its  neighbors 
for  a  number  of  years,  and.  in  1085.  the  Eutelsat  and  Arabsal  or¬ 
ganizations  began  leasing  to  their  members.  Use  of  such  a  lease 
is  a  low-cost  way  to  establish  a  domestic  satellite  system.  This 
arrangement  also  leads  to  a  quick  implementation,  since  ground 


terminals  can  be  delivered  much  more  quickly  than  satellites.  In¬ 
telsat  leases  a  specific  bandwidth  with  certain  guaranteed  satellite 
performance  parameters:  ERP  is  the  most  significant.  Subject  to 
several  constraints  to  prevent  interference  to  other  satellite  users, 
the  leasing  country  is  free  to  control  its  ow  n  use  of  the  leased  ca¬ 
pacity. 

Prior  to  the  av  ailability  of  the  Intelsat  leases,  some  countries 
used  the  regular  Intelsat  service  for  domestic  links,  treating  them 
as  international  links.  Examples  were  the  use  of  Intelsat  for  links 
w  ithin  Australia  and  between  the  Continental  United  States  (CO¬ 
NUS)  and  Hawaii.  Alaska,  and  Puerto  Rico.  In  February  1074. 
the  United  States  transferred  CONUS-Hawaii  traffic  to  a  leased 
transponder,  w  hich  was  the  first  use  of  an  Intelsat  lease.  This 
lease  was  terminated  in  1076  w  hen  the  traffic  was  transferred  to 
the  AT&T  domestic  satellite.  The  links  to  Alaska  and  Puerto  Rico 
were  also  transferred  to  domestic  satellites. 

Intelsat  leases  space  segment  capacity  in  increments  of  0.  IS. 
36.  54.  or  72  MHz.  Television  requires  at  least  IS  MHz.  The  ser- 
v  ice  is  available  on  a  preemptible  or  nonpreemptihle  basis,  which 
relates  to  the  priority  of  restoration  in  case  of  satellite  failure. 
Nearly  ail  ihe  current  leases  are  for  preemptible  service  because 
of  the  proven  reliability  of  the  satellites  (<3  hr  outage/yr)  and  the 
lower  cost  (about  one-half  the  nonpreemptihle  rate).  The  actual 
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least's  are  as  small  as  9  N1H/  and  as  large  as  several  transponders. 
Several  countries  began  with  a  lease  of  one  transponder  or  less 
and  added  capacity  over  several  years  as  they  expanded  their  sys¬ 
tems.  Over  40  transponders  are  leased.  Some  are  transponders 
connected  to  global  coverage  antennas,  others  to  hemispheric  or 
spot-beam  antennas.  The  latter  have  more  radiated  power,  and 
the  lease  rate  is  somewhat  higher.  Most  leased  transponders  are 
in  the  4/6-GHz  band,  but  the  use  of  I I/I4-GH/  leases  is  growing. 

Algeria  was  the  first  country  to  use  an  Intelsat  lease  for  a  na¬ 
tionwide  system.  Operations  started  in  1975  with  15  terminals 
and  greatly  improved  the  av  ailability  and  reliability  of  communi¬ 
cations  in  the  80' <  of  Algeria  that  lies  in  the  Sahara.  Three  other 
countries  started  using  Intelsat  leases  in  1975.  Seven  others  had 
started  by  the  end  of  1977.  and  the  number  has  grown  since  then. 
Current  leases  are  to: 


Algeria 

Nigeria 

Chile 

Pakistan 

China  (PR  C. ) 

Peru 

Colombia 

South  Africa 

Cote  d'Ivoire 

Spain 

Denmark 

Sudan 

France 

Thailand 

India 

United  Kingdom 

Libya 

United  Nations 

Malaysia 

Venezuela 

Mozambique 

New  Zealand 

Zaire 

A  few  countries  had  leases  in  the  past  hut  terminated  them 
when  their  traffic  was  transferred  to  new  domestic  satellite  sys¬ 
tems. 

In  1985.  Intelsat  announced  that  it  would  sell  transponders  that 
constitute  excess  capacity  on  some  of  their  satellites.  The  pur¬ 
chaser  ow  ns  the  transponder  for  the  remainder  of  its  life,  while 
Intelsat  continues  to  provide  satellite  control  and  maintenance. 
Transponder  sales  grew  quickly:  transponders  are  owned  by: 


Argentina 

Israel 

Bolivia 

Italy 

Central  African  Republic 

Japan 

Chad 

Niger 

Chile- 

Norway 

China  ( P.R.C.) 

Portugal 

Ethiopia 

Sweden 

Gabon 

Turkey 

Germany 

United  States 

Iran 

Venezuela 

About  60  transponders  have  been  purchased.  Most  are  72- 
MH/  bandwidth:  about  half  are  in  the  4/6-GHz  band  and  half  in 
the  I I/I4-GH/  hand.  Countries  have  purchased  one  to  six  tran¬ 
sponders:  several  countries  have  sw  itched  from  leased  to  pur¬ 
chased  transponders.  Gabon.  Chad,  and  the  Central  African 
Republic  jointly  purchased  a  transponder  for  shared  use. 

The  reasons  for  using  an  Intelsat  lease  or  purchase  are  varied. 
Some  countries  use  the  satellite  to  open  communications  to  unde¬ 
veloped  areas  where  it  would  be  difficult  to  install  terrestrial  facil¬ 
ities.  Hxamples  are  Algeria  (desert)  and  Brazil  (  jungle).  Other 
countries  use  the  satellite  to  communicate  with  points  separated 
by  oceans,  examples  are  Colombia  (off-shore  island)  and  Nor¬ 
way  (oil-drilling  platforms  and  Arctic  islands).  Some  countries, 
(e  g..  Bra/il  and  Mexico)  used  the  Intelsat  capacity  as  a  step  to¬ 
ward  a  national  satellite  system.  Other  countries  have  selected 
leasing  as  the  quickest  or  lowest-cost  way  to  expand  the  national 
communications  network.  The  Cniled  Nations  is  leasing  capacity 


to  maintain  communications  between  New  York.  Geneva,  and  its 
peacekeeping  forces. 

The  Intelsat  leased  and  purchased  capacity  is  used  for  televi¬ 
sion  and  radio  distribution  or  broadcast,  telephony,  and  telegra¬ 
phy.  In  some  cases,  only  one  type  of  traffic  is  used:  in  others  it  is 
a  mix  of  several  or  all  of  these.  Capacity  per  transponder  is  typi¬ 
cally  200  to  500  voice  circuits,  or  one  telev  ision  signal  alone  or 
with  50  to  100  voice  circuits.  Ground  antenna  sizes,  signal  qual¬ 
ity.  and  satellite  power  are  three  main  factors  that  determine  the 
actual  capacity.  Ground  antenna  sizes  are  between  10  and  45  ft. 
The  choice  is  up  to  each  country  to  determine  its  ow  n  balance  be¬ 
tween  cost  and  capacity.  The  number  of  ground  terminals  in  a 
country  varies  from  2  to  more  than  100.  In  total,  over  1 000  ter¬ 
minals  are  in  use  with  leased  Intelsat  transponders,  of  w  hich 
about  400  have  the  capability  for  transmitting  and  receiving;  the 
others  are  for  telev  ision  reception  only. 

Voice  transmissions  between  larger  terminals  are  usually 
FDM/FM/FDMA:  QPSK/TDMA  is  also  possible.  Voice  trans¬ 
missions  to  or  from  smaller  terminals  are  SCPC/FM  or  SC  PC/ 
PSK.  Companding  is  often  used.  Telev  ision  transmissions  are 
FM. 

Beginning  in  1982.  Intelsat  started  leasing  capacity  for  full¬ 
time  international  television  transmission.  The  most  common  use 
of  this  serv  ice  is  for  transmission  from  one  country  to  another:  the 
first  use  was  the  United  States  to  Australia.  There  are  also  one 
country -to-multiple-eountry  transmissions  and  a  United  States- 
to-United  Kingdom  use  where  the  direction  of  transmission  alter¬ 
nates.  The  countries  using  Intelsat  for  international  television  are 
the  follow  ing: 

Australia  Philippines 

Iceland  Portugal 

Japan  United  Kingdom 

Korea  United  States 

Originally.  Intelsat  prov  ided  the  leased  transponders  from  ex¬ 
cess  capacity  on  its  spare  satellites.  This  is  still  true:  but  in  addi¬ 
tion.  some  older  satellites  not  needed  as  spares  have  been  devoted 
to  leased  serv  ice.  Because  of  the  rapid  growth  of  leases  and  pur¬ 
chases.  Intelsat  has  now  included  them  in  its  traffic  forecasts  to 
ensure  that  adequate  satellite  capacity  w  ill  continue  to  be  avail¬ 
able.  In  addition.  Intelsat  has  studied  the  possibility  of  dev  elop¬ 
ing  satellites  optimized  for  leased  services. 
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MILITARY  SATELLITES 


The  first  communication  satellite  experiments  were  conducted 
by  the  Army  in  I95X.  Since  then,  the  Department  of  Defense 
(DoD)  has  continued  to  develop  technology  and  deploy  opera¬ 
tional  satellites.  The  various  communication  satellites  developed 
by  DoD  are  described  as  are  programs  of  the  North  Atlantic  Trea¬ 
ty  Organization  (NATO)  and  the  British  Ministry  of  Defence  (the 
Sky  net  satellites).  The  Defense  Satellite  Communications  System 
(DSCS)  is  also  described.  The  satellites  developed  by  the  MIT 
Lincoln  Laboratory  for  DoD  (the  LES  series)  were  described  ear¬ 
lier.  The  French  and  Spanish  military  satellite  communications 
programs  are  described  later,  since  they  share  satellite  resources 
with  commercial  programs.  Also,  several  of  the  Soviet  satellites 
described  later  are  used  for  military  communications. 

Within  the  United  States,  government  policy  is  to  establish 
and  maintain  distinct  military  communication  satellite  systems  to 


satisfy  unique  and  vital  national  security  needs  that  cannot  be  met 
by  commercial  facilities.  On  the  other  hand,  the  government  wilt 
use  commercial  satellites  whenever  links  of  the  required  type  and 
quality  can  be  obtained  in  a  timely  manner  at  reasonable  cost.  In 
general,  military  command  and  control  circuits  are  routed 
through  military  satellites,  but  administrative  and  logistics  cir¬ 
cuits  may  use  commercial  satellites.  Differences  between  military 
and  commercial  sy  stems  occur  because  of  unique  military  re¬ 
quirements  such  as  protection  against  jamming,  secure  command 
and  telemetry  links,  flexibility  to  rapidly  extend  service  to  new 
regions  of  the  globe  and  to  reallocate  sy  stem  assets,  hardening  of 
satellites  and  terminals  to  resist  attacks,  and  satellite  operation 
continuing  through  lengthy  periods  (e.g..  several  weeks)  without 
command  and  telemetry  support. 


IDCSP 


No  United  States  military  communication  satellites  were 
launched  between  October  I960  (Courier  IB)  and  June  1966. 
Courier  was  a  relatively  simple  program  for  early  experimental 
use.  Concurrently,  in  April  I960,  the  Advanced  Research  Projects 
Agency  (ARPA)  undertook  the  Advent  program  1 1  -3 ]  to  provide 
an  operational  military  communication  satellite.  Advent  was  to  be 
a  three-axis-stabilized,  stationkeeping,  synchronous  altitude  sat¬ 
ellite  with  sun-oriented  solar  arrays  and  an  earth  coverage  anten¬ 
na.  The  communications  equipment  was  to  have  four  repeaters, 
each  with  a  capacity  for  12  one-way  voice  links  or  one  spread- 
spectrum  voice  link.  In  addition,  a  secure  command  system  was 
intended.  A  number  of  problems  resulted  because  the  concept  was 
far  beyond  available  technology.  The  satellite  weight  grew  while 
the  Centaur  launch  vehicle  program  slipped.  After  several  major 
reviews,  the  program  was  canceled  in  May  1962.  At  that  time, 
two  programs  were  recommended.  One  was  to  use  proven  tech¬ 
nology  to  develop  simple  satellites  to  be  placed  in  random  polar 
orbits  at  an  altitude  of  about  5000  miles.  The  satellites  were  to  be 
launched  seven  at  a  time  by  means  of  the  proven  Atlas-Agena 
launch  v  ehicle.  The  second  program  w  as  for  later  deploy  ment  of 
synchronous  altitude  stationkeeping  satellites.  The  programs  later 
were  referred  to  as  the  Initial  and  Advanced  Defense  Communi¬ 
cation  Satellite  Programs  (IDCSP  and  ADCSP)  |4-7|. 

IDCSP  did  not  proceed  quickly  because  of  several  nontechni¬ 
cal  factors.  One  delay  was  caused  by  lengthy  discussions  w  ith 
Comsat  Corporation  concerning  w  hether  or  not  they  could  pro¬ 
vide  the  satellite  services  required  by  DoD.  By  the  fall  of  1964. 
w  hen  IDCSP  entered  the  linal  design  and  fabrication  phase,  the 
Titan  IIIC  appeared  to  he  a  feasible  launch  vehicle.  Therefore,  the 
satellite  designs  were  made  compatible  with  either  a  medium-alti¬ 
tude  polar  orbit  (Atlas-Agena  launch  vehicle)  or  a  near-synchro¬ 
nous  altitude  equatorial  orbit  (Titan  launch  vehicle).  The 
commonality  requirement  was  dropped  after  the  first  successful 
Titan  IIIC  launch  in  June  1965.  when  it  was  selected  as  the  IDC¬ 
SP  launch  vehicle. 

The  basic  design  principle  for  IDCSP  was  simplicity.  By  using 
spin-stabilized  satellites  in  subsynchronous  orbits,  neither  sta¬ 
tionkeeping  nor  active  altitude  control  was  required.  The  random 
nature  of  the  individual  satellite  orbits  provided  automatic  re¬ 
placement  of  failed  satellites  with  acceptable  outages.  No  com¬ 


mand  system  was  used  because  of  prev  ious  experiences — 
command  system  failures  terminated  Courier  and  Telstar  I  opera¬ 
tions.  and  command  system  problems  contributed  to  the  cancella¬ 
tion  of  Advent.  Telemetry  was  not  required  hut  was  added  since 
performance  data  would  be  very  useful.  Each  satellite  had  two 
TWTs.  and  an  onboard  sensor  switched  from  one  to  the  other 
upon  detecting  a  failure.  The  two  TWTs  were  of  different  designs 
to  reduce  the  chance  of  a  common  failure  mode.  The  satellite  de¬ 
sign  details  arc  as  follows: 

Satellite 

Polyhedron.  36-in.  dia..  32-in.  height 

100  lb.  GCiTS  (gravity  gradient  test  satellite)  104  lb.  DATS 
(despun  antenna  test  satellite)  150  lb 

Solar  cells,  approximately  40  W  initially  (no  batteries,  no  opera¬ 
tion  during  eclips  i 
Spin-stabilized.  150  rpm 


IDCSP  communication  subsystem. 


Configuration 

One  20-MHz  bandwidth  double-conversion  repeater 

Capacity 

Two-way  circuits:  up  to  five  commercial  quality  voice,  or  eleven 
tactical  quality  voice,  or  1550  teletype 
Approximately  1  Mbps  digital  data 

Transmitter 

7266.4  to  7286.4  MHz 

Two  TWTs  (one  on.  one  standby) 

3-W  output,  7-dBW  ERP  maximum 

Receiver 

7985.1  to  8005.1  MHz 
10-dB  noise  figure 

Antenna 

Two  biconical  horns  (one  transmit,  one  receive) 

28  x  360  deg.  5-dB  gain,  circular  polarization 
DATS:  electronically  despun,  antenna  elements  are  mounted  on  a 
cylinder  placed  along  the  spin  axis  at  one  end  of  the  satellite.  10- 
dB  additional  gain 

Design  life 

1.5  years  required,  three-year  goal 

Orbit 

17.800-  to  18,700-nmi  altitude  range 
Inclination  <1  deg  for  most  satellites 
Approximately  30  deg  per  day  longitude  drift 

Orbital  history 

I  to  7:  launched  16  June  1966 

Eight  unnumbered  satellites  lost  in  a  launch  vehicle  failure 
26  August  1966 

8  to  15:  launched  18  January  1967 

16  to  18:  launched  I  July  1967 

19  to  26:  launched  13  June  1968 

GGTS:  launched  with  I  to  7 

DATS:  launched  with  16  to  18 

Operating  lifetimes  (excluding  GGTS  and  DATS): 

5:  one-year  operation  before  failure 
I :  one-  to  two-year  operation  before  failure 
2:  two-  to  three-year  operation  before  failure 
2:  three-  to  four-year  operation  before  failure 


2:  four-  to  five-year  operation  before  failure 
2:  five-  to  six-year  operation  before  failure 
2:  six-  to  seven-year  operation  before  failure 
I :  seven-  to  eight-year  operation  before  failure 
6:  turned  off  by  the  on-board  timer  after  six-  to  eight-year  opera¬ 
tion 

3:  operated  nine  to  ten  years 
Overall  MTBF  about  six  years 
Titan  IIIC  launch  vehicle 

Management 

Developed  by  Philco  (later  Ford  Aerospace  and  Communications 
Corporation)  for  Air  Force  Space  and  Missile  Systems  Organiza¬ 
tion  (now  Air  Force  Space  Systems  Division) 

Operated  by  Defense  Communications  Agency  (now  Defense  In¬ 
formation  Systems  Agency) 

The  first  IDCSP  satellites  were  launched  in  June  1966.  Add: 
tional  satellites  were  launched  in  1967  and  1968;  two  launches 
had  a  full  load  of  eight  IDCSP  satellites  and  the  other  had  three  in 
addition  to  three  other  satellites.  In  1967.  increasing  military  ac¬ 
tivity  in  Vietnam  led  to  the  establishment  of  an  operational  com¬ 
munication  link  using  IDCSP.  In  this  link,  high-speed  digital  data 
were  transmitted  from  Vietnam  to  Hawaii  through  one  satellite 
and  from  there  to  Washington.  D.C.  through  another  satellite. 

By  the  time  of  the  1968  launch,  the  system  was  declared  oper¬ 
ational  and  the  name  changed  to  Initial  Defense  Satellite  Commu¬ 
nication  System  (IDSCS).  The  satellites  operated  for  periods 
ranging  from  a  few  thousand  to  more  than  70.000  hr  (eight  years). 
The  satellites  each  had  a  device  that  was  supposed  to  deactivate 
them  approximately  six  years  after  launch.  Several  satellites  were 
turned  off  in  this  manner,  although  others  continued  to  operate 
well  beyond  six  years.  The  overall  satellite  reliability  was  much 
beyond  the  original  expectations:  specifically,  the  actual  mean 
time  before  failure  (MTBF)  achieved  was  more  than  double  the 
three-year  goal  for  design  life.  Three  of  the  satellites  w  ere  still  be¬ 
ing  used  in  early  1976  to  supplement  the  DSCS  II  satellites.  By 
mid- 1977.  only  one  was  still  useable. 

%  %  *  % 
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TACSAT 


The  IIX'SP  satellites  and  the  advanced  satellites  that  were  to 
follow  IIX'SP  were  all  intended  for  strategic  communications. 
Strategic  communication  terminals  basically  include  large  anten¬ 
na  lived  or  transportable  ground  stations  or  large  shipborne 
equipment.  Tacsat  1 1  -4|  was  designed  for  a  complementary  func¬ 
tion.  namely,  to  operate  w  ith  small  land-mobile,  airborne,  or  ship- 
borne  tactical  terminals. 

The  Lincoln  Kxperimental  Satellites  (l.HS- 1  to  -b)  were  prede¬ 
cessors  to  Tacsat  and  were  used  to  investigate  various  aspects  ol 
tactical  communications.  Strategic  military  communication  satel¬ 
lites  typically  use  frequencies  between  7.2  and  8.5  fill/  At  these 
frequencies,  directional  antennas  are  required:  these  antennas 
hav  e  several  draw  backs  in  tactical  use.  One  drawback  is  the  prob¬ 
lem  of  accurate  pointing,  especially  from  aircraft.  The  LKS  satel¬ 
lites  proved  that  UHL  (approximately  300  MH/l  communication 
is  possible  with  terminals  that  have  simple,  low-gain  (vvide- 
beamwidth)  antennas.  Tacsat  was  designed  with  both  UHF  and 
X-band  (S  OH/)  capabilities  and  crossover  modes  (UHL  receive 
and  X-band  transmit,  or  vice  versa)  to  permit  operation  with  a 
wide  variety  of  terminals. 

The  requirements  for  Tacsat  resulted  in  a  number  of  design 
features  not  found  in  previous  communication  satellites.  Nearly 
I  kVV  of  prime  power  was  required  for  the  high-power  transmit¬ 
ters.  w  hich  necessitated  a  very  large  cylindrical  body  to  provide 
the  required  solar  cell  area.  Tacsat  was  spin-stabili/ed  like  all  pre¬ 
vious  communication  satellites.  However,  because  of  the  large 
antenna  structure  and  launch  vehicle  fairing  constraints,  it  did  not 
spin  about  the  axis  with  the  maximum  moment  of  inertia.  This 
was  a  potentially  unstable  condition  that  was  contiollcd  by  spe¬ 
cial  stabilizing  elements.  The  stabilization  worked  in  orbit,  al¬ 
though  at  titties  a  I  -deg  nutation  occurred,  apparently  the  result  of 
destabilizing  forces  that  were  greater  than  expected.  The  stabili¬ 
zation  techniques  developed  for  Tacsat  and  called  gy  rostat  by  the 
manufacturer  were  relined  and  applied  to  many  subsequent  satel¬ 
lites.  Other  design  features  of  Tacsat  are  as  follow  s: 

Satellite 

Cy  linder.  4- ft  dia..  1 1  ft  height  (25  It  overall) 

I  MX)  lb  in  orbit,  beginning  of  life 
Solar  cells  and  NiCd  batteries.  480  W 
Spin-stabilized,  gyrostat.  54  rpm 
Cold  gas  propulsion  for  on-orbit  use 

Configuration 

Multiple  channels.  50-kHz  to  10-MH/  bandw  idths 

Capacity 

UHF.  about  forty  vocoded  voice  or  several  hundred  teletype  cir¬ 
cuits  to  a  terminal  with  0-dB  antenna  gain 

X-band:  about  forty  vocoded  voice  or  700  telety  pe  circuits  to  a 
terminal  with  a  A  -  ft  antenna 

Transmitter 

244. <3  and  7257.5  MHz 

CHI;:  all  solid  state,  sixteen  parallel  transistor  amplifiers,  up  to 
sixteen  on  at  a  time  (nominal  thirteen  on).  18. 5  W  per  amplifier. 
230  W  maximum  out  of  combiner 

X-band:  three  TW’Ts.  two  on  at  a  time.  20  W  per  TWT.  30  W  out 
of  combiner 


7 in  stil  satellite. 


Receiver 

303.4.  307.5.  and  7482.5  MHz 

UHF:  transistor  amplifiers.  3.7-dB  noise  figure 

X-band:  tunnel  diode  preamplifier.  6.4-dB  noise  figure 

Antenna 

UHF:  live  bililar  helices.  17.1-dB  transmit  gain.  17.6-dB  receive 
gain 

X-band  transmit:  horn.  18.4-dB  gain.  14-deg  beamvvidth 
X-band  receive:  horn.  14.3-dB  gain.  17-dcg  beamvvidth 

Design  life 

2.4  years  estimated  life 


47 


Orbit 

Synchronous  equatorial,  approximately  180°W  longitude 

Orbital  history 

Launched  9  February  1969 
Operated  until  December  1972 
Titan  1 1 1C  launch  vehicle 

Management 

Developed  by  Hughes  Aircraft  Company  for  Air  Force  Space  and 
Missile  Systems  Organization  (now  Air  Force  Space  Systems  Di¬ 
vision) 

Operated  by  Air  Force  Communications  Sen  ice 

Tacsat  was  launched  in  February  1969.  Because  of  funding 
limitations,  no  (light  model  was  assembled,  and  the  qualification 
model  was  the  one  launched.  On-orbit  testing  was  done  with  a 
large  variety  of  terminals,  including  large  ground  stations,  mobile 


ground  stations,  aircraft,  and  ships.  Some  multiple  access  testing 
was  conducted.  Tacsat  was  used  for  operational  support  of  Apollo 
recovery  operations,  connecting  the  aircraft,  their  aircraft  carrier, 
and  ground  stations.  Military  use.  especially  of  the  CHF  band, 
was  extensive.  Operations  continued  until  an  attitude  control  fail¬ 
ure  at  the  end  of  1972. 
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2.  J.  W.  O'Neill.  "Military  Communication  and  Navigation  Sat 
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3.  R.  Braudes.  "The  Tactical  Communications  Satellite."  IEEE 
Transactions  on  Aerospace  and  Electronic  Systems.  Vol.  AES- 
6.  No.  4  (July  1970). 

4.  J.  M.  Kuhn.  "Operational  Considerations  for  Tactical  Satellite 
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SKYNET  I  AND  NATO  II 


The  Sky  net  (United  Kingdom)  and  NATO  satellite  programs 
1 l-6|  were  both  a  result  of  a  United  States  invitation  to  certain  na¬ 
tions  to  participate  in  the  use  of  United  States  defense  communi¬ 
cation  satellites.  In  1466.  the  United  Kingdom  indicated  an 
interest  in  participation,  but  the  IDCSP  satellites  could  not  satisfy 
their  requirements.  The  primary  difference  was  the  need  to  ser¬ 
vice  both  ground  stations  with  large  antennas  and  shipborne  ter¬ 
minals  with  smaller  antennas.  In  late  1466.  the  United  States  and 
United  Kingdom  signed  an  agreement  w  hereby  the  United  States 
would  develop  satellites  that  would  satisfy  United  Kingdom 
needs.  The  satellites  were  to  be  interoperable  with  the  IDCSP  sys¬ 
tem.  and  the  program  was  initially  called  IDCSP/A  (for  augmen¬ 
tation).  This  program  is  now  called  Skynet.  NATO  decided  to 
participate  directly  in  the  use  of  IDCSP  satellites  and  operated 
two  IDCSP  ground  stations  from  1467  to  1470.  That  period  was 
used  to  gain  experience  prior  to  operation  of  a  NATO  satellite. 

The  Skynet  and  NATO  satellites  were  nearly  identical  and 
were  deriv  ed  from  the  IDCSP  design,  but  there  were  certain  nota¬ 
ble  improvements  from  IDCSP.  The  Skynet  and  NATO  satellites 
were  placed  into  a  synchronous  orbit  and  had  a  stationkeeping  ca¬ 
pability.  They  had  a  despun  antenna  that  prov  ided  increased  gain, 
relative  to  IDCSP.  and  both  2-  and  20-N1H/  channels.  These  fea¬ 
tures  permitted  operation  with  both  large  and  small  terminals. 
Also,  the  satellites  were  larger  than  IDCSP  satellites  and  had  a 
command  system.  The  only  significant  difference  between  the 
two  satellites  was  the  antenna  pattern.  The  Skynet  antenna  pro¬ 
vided  a  relatively  uniform  earth  coverage  pattern  centered  at  the 
equator.  The  NATO  antenna  pattern  was  shaped  to  cover  only  the 
NATO  nations,  from  the  eastern  coast  of  North  America  to  Tur¬ 
key.  Skynet  I  and  NATO  II  details  are  as  follows: 

Satellite 

Cylinder,  54-in.  dia..  32-in.  height  (62  in.  overall) 

285  lb  in  orbit 

Solar  cells  and  NiCd  batteries.  78  W 
Spin-stabili/ed.  40  rpm 

Solid  rocket  motor  for  apogee  maneuver,  hydrazine  propulsion 
for  on-orbit  use 

Configuration 

One  2-MH/  and  one  20-MH/  bandwidth  double-conversion  re- 


Skyiwt  I  satellite. 

Transmitter 

7257.3  to  7259.3  MHz  and  7266.4  to  7286.4  MHz 
Two  TWTs  (one  on.  one  standby).  3.5-W  output 
Skynet:  14.4-dBW  ERP  per  channel,  edge  of  earth 
NATO:  1 1-dBW  (2-MHz  channel)  and  14-dBW  <2()-MHz  chan¬ 
nel  )  ERP.  edge  of  coverage 

Receiver 

7976  to  7978  MHz  and  7985. 1  to  8005. 1  MHz 
Redundant  receivers  (one  on.  one  standby) 

8.8-dB  noise  figure 

Antenna 

Skynet:  mechanically  despun  horn,  earth  coverage  18.5-dB  peak 
gain 

NATO:  mechanically  despun  horn.  NATO  area  coverage  (North 
American  east  coast  to  eastern  Turkey) 


Skynet  I  eownntnu  titioti  subsystem. 


Design  life 

Five  years  (three-year  mean  mission  du¬ 
ration) 

Orbit 

.Synchronous  equatorial  (inclination  <3 
deg) 

Skynet:  49  ±3'E  longitude 

NATO:  18  ±3  W  longitude  ( 1 1 A ).  26 

±3  W  longitude  (IIB) 

Orbital  history 

Skynet  I  A:  launched  21  November 

1969.  operated  36  months 

Skynet  IB:  launched  19  August  1970. 

apogee  motor  failure  left  satellite  in 

synchronous  transfer  orbit 

NATO  II  A:  launched  20  March  1970. 

operated  26  months 


on 


NATO  IIB:  launched  3  February  1971.  operated  until  August 
1976 

Delta  launch  vehicle 

Management 

Developed  by  Philco  (later  Ford  Aerospace  and  Communications 
Corporation)  tor  Air  Force  Space  and  Missile  Systems  Organiza¬ 
tion  ( now  Air  Force  Space  S'  ms  Division),  acting  for  the  Unit¬ 
ed  Kingdom  and  NATO 

Operated  b\  United  States/United  Kingdom  and  United  States/ 
NATO 

The  first  Skynet  satellite  was  launched  in  November  1969  and 
operated  for  several  years  with  a  variety  of  terminals.  Antenna 
sizes  varied  from  42  ft  at  the  master  ground  station  to  3.5- ft  ship- 
borne  terminals.  The  second  Skynet  satellite  did  not  achieve  the 
intended  synchronous  orbit  because  of  failure  of  the  apogee  mo¬ 
tor. 

The  NATO  satellites  were  designated  NATO  II A  and  IIB.  with 
NATO  I  referring  to  the  period  of  operations  during  which  the 
1DCSP  satellites  were  used.  NATO  II A  and  IIB  were  launched  in 
March  1970  and  February  1971.  The  former  w  as  used  for  com¬ 
munications  between  NATO  headquarters  and  the  capitals  of 
NATO  member  countries.  Planned  use  with  shipborne  terminals 
w  as  delayed,  because  other  traffic  occupied  nearly  all  of  the  satel¬ 
lite  capacity.  NATO  IIB  was  originally  an  orbiting  spare  that  was 


used  in  tests  of  new  ground  stations.  The  communications  traffic 
was  transfeTed  to  it  after  NATO  II A  failed.  Communications  traf¬ 
fic  was  tra  rred  to  NATO  1 1 1 A  in  April  1976.  and  NATO  IIB 
w  as  turnec  iff  in  August  1976. 

* 

1.  V.  W.  Wall.  "Military  Communication  Satellites."  Astronau- 
tics  urn!  Aeronautics.  Vol.  6.  No.  4  (April  1968). 

2.  J.  W.  O'Neill.  "Military  Communication  and  Navigation  Sat¬ 
ellites."  TRW  Space  Log.  Vol.  9.  No.  2  (Summer/Fall  1969). 

3.  Proceedings  of  the  Skynet  Meeting.  IFF  Conference  Publica¬ 
tion  No.  63  (April  1970). 

4.  D.  G.  Dwyre.  "IDCSP/A  Satellite:  Concept  and  Perfor¬ 
mance."  Paper  70-492.  A/AA  3rd  Communications  Satellite 
Systems  Conference  (April  1970).  Reprinted  in  Communica¬ 
tion  Satellites  for  the  70s:  Systems.  Progress  in  Astronautics 
and  Aeronautics.  Vol.  26.  N.  E.  Feldman  and  C.  M.  Kelly,  eds. 
(1971). 

5.  N.  Simmons,  “The  United  Kingdom  Programme  of  Commu¬ 
nication  Satellites."  Paper  72-548.  A/AA  4th  Communications 
Satellite  Systems  Conference  ( April  1972).  Reprinted  in  Com¬ 
munications  Satellite  Systems.  Progress  in  Astronautics  anil 
Aeronautics.  Vol.  32.  P.  F.  Bargellini.  ed.  ( 1974). 

6.  D.  R.  Valentine.  "NATO's  Communications  Satellite  System." 
NATO's  Fifteen  Nations.  Vo).  15.  No.  5  (October-November 
1970). 


DSCS  II 


The  IDCSP  satellites  were  the  Phase  I  space  segment  of  the 
Defense  Satellite  Communication  System  (DSCS).  System  test¬ 
ing  was  undertaken  immediately  after  the  first  launch  in  1966. 
and  the  Pacific  part  of  the  DSCS  was  switched  to  operational  sta¬ 
tus  a  year  later.  The  experiences  of  Phase  I  demonstrated  that  sat¬ 
ellite  communications  could  satisfy  certain  DoD  needs. 
Therefore,  in  June  1968.  DoD  decided  to  proceed  w  ith  develop¬ 
ment  of  advanced  satellites  for  DSCS  Phase  II 1 1-10|. 

The  DSCS  II  satellites  (formerly  called  the  777  satellites  be¬ 
cause  their  development  was  called  Program  777)  are  significant¬ 
ly  different  from  the  IDCSP  satellites.  The  DSCS  II  satellites 
have  a  comma  id  subsystem,  attitude  control  and  stationkeeping 
capability,  and  multiple  communication  channels  with  multiple 
access  capability:  IDCSP  had  none  of  these  features.  However, 
the  DSCS  II  design  is  compatible  with  modified  Phase  I  ground 
terminals  as  well  as  new  terminals  specifically  built  for  Phase  II. 

The  Phase  II  satellites  have  a  dual  spin  configuration.  The  out¬ 
er  section  (which  includes  the  cylindrical  solar  array,  much  of  the 
structure,  and  an  equipment  platform)  is  spun  to  stabilize  the  sat¬ 
ellite.  The  inner  section  (containing  all  the  communications 
equipment  and  antennas)  is  isolated  from  the  outer  section  by  a 
motor  and  bearing  assembly.  The  motor  despins  the  inner  section 
so  that  the  antennas  are  always  pointed  at  the  earth.  The  satellite 
has  four  antennas:  two  parabolic  reflectors  and  two  horn  anten¬ 
nas.  The  satellite  details  are  as  follows: 

Satellite 

Cylinder.  9- ft  dia..  6- ft  height  ( 13  ft  overall) 

1350  lb  in  orbit,  beginning  of  life 

Solar  cells  and  NiCd  batteries.  520  W  initially.  388  W  minimum 
at  five  years 


Spin-stabilized.  60  rpm.  ().2-dcg  antenna  pointing  accuracy 
Hy  drazine  propulsion  for  on-orbit  use 

Configuration 

Four  channels  with  50-  to  185-MHz  bandwidths.  single  conver¬ 
sion  (see  text) 
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Capacity 

13(H)  two-wav  voice  circuits  or  approximately  KM)  Mbps  digital 
data 

Transmitter 

7250  to  7375  MH/.  74(H)  to  7450  MH/.  7400  to  7075  MH/.  77(H) 
to  7750  MH/ 

Two  independent  transmitters,  one  lor  the  two  earth  coverage 
channels,  one  lor  the  two  narrow  beam  channels:  20- W  output  per 
transmitter  (40  W  tor  Satellites  13-16) 

ERP  per  transmitter:  Satellites  I  to  6: 

28  dBW.  earth  coverage 
43  dBW.  one  narrow  beam  antenna 
40  dBW.  each  of  two  narrowbeam  antennas 
Satellites  7  to  12: 

28  dBW.  earth  coverage 
43  dBW.  narrowbeam  antenna 
3 1  dBW.  area  coverage  antenna 

40/28  dBW.  using  both  narrowbeam  and  area  coverage  (5()r4 
of  power  to  each) 

Satellites  13  to  16: 

3 1  dBW.  earth  coverage 
46  dBW.  narrowbeam  antenna 
34  dBW.  area  coverage  antenna 

40/33  dBW.  using  both  narrowbeam  and  area  coverage  (757} 
of  power  to  area  coverage) 

Earth  coverage  specified  at  >7.5  deg  earth  terminal  elevation 
angle;  narrowbeam  and  area  coverage  anywhere  w  ithin  beam- 
width 

Receiver 

7900  to  7950  MH/.  7975  to  81(H)  MH/.  8125  to  8175  MH/.  8215 
to  84(H)  MH/ 

Tunnel  diode  preamplifiers  and  limilcr/amplifiers 
7-dB  noise  figure 


Antenna 

Two  earth  coverage  horns  (one  transmit  and  one  receive).  1 6.8- 
dB  gain  at  edge  of  earth 

Two  narrowbeam  parabolas.  44-in.  dia.,  2.5-deg  beamwidth. 
36.5-dB  gain  on  axis,  steerable  ±10  deg  each  axis:  on  Satellites  7 
to  16.  one  antenna  has  been  defocused  to  a  6-deg  beamwidth  for 
area  coverage 

All  antennas  mounted  on  a  despun  platform  and  circularly  polar¬ 
ized 

Design  life 

Five  years  (three-year  MMD) 

Orbit 

Synchronous  equatorial,  inclination  <3  deg 

Orbital  history 

I.  2:  launched  together  2  November  1971.  operated  20  and 
8  months 

3.  4:  launched  together  13  December  1973.  3  operated  30  months, 
moved  above  synchronous  orbit;  4  is  experimental.  56  W  longi¬ 
tude 

5.  6:  launched  together  20  May  1975.  left  in  low  orbit  by  launch 
vehicle  failure,  reentered  26  May  1975 

7.  8:  launched  together  12  May  1977.  7  taken  out  of  service  May 
1979.  8  taken  out  of  service  by  1988.  both  moved  above  synchro¬ 
nous  orbit 

9.  10:  launched  together  25  March  1978.  launch  vehicle  failure 

II.  12:  launched  together  13  December  1978.  II  was  retired. 
79°W  longitude:  12  is  a  spare.  72’E  longitude 

13.  14:  launched  together  21  November  1979.  13  is  a  spare. 

I8()°E  longitude:  14  is  a  spare.  65"E  longitude 

15:  launched  1989  with  DSCS  III-A2.  is  operational 

16:  launched  30  October  1982  with  DSCS  III- A 1 .  is  operational. 

59CE  longitude 

Titan  IIIC  launch  vehicle  (1-14) 

Titan  34D/Transtage  ( 15) 

Titan  34D/IUS  launch  vehicle  ( 16) 


'Redundant  units  not  shown  NB  Narrowbeam 
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Management 

Dos  eloped  by  TRW  Systems  Group  lor  Air  Force  Space  Systems 
Division  (formerly  Air  Force  Space  and  Missile  Systems  Organi¬ 
zation! 

Operated  by  IX* tense  Inl'ormatioi.  ‘systems  Agency  (formerly  De¬ 
fense  Communications  Aece  TT&C’  support  by  Air  Force 
Satellite  Control  Facility 

The  DSCS  II  eommunieation  subsystem  has  four  channels 
with  the  following  characteristics: 

Channel  I:  bandwidth.  125  MH/:  receive  antenna,  earth  cover¬ 
age:  transmit  antenna,  earth  coverage 
Channel  2:  bandwidth.  50  MH/:  receive  antenna,  narrow  beam 
or  area  coverage  ton  Satellites  7-  I6i:  transmit  anten¬ 
na.  earth  coverage 

Channel  5:  bandwidth.  185  MH/:  receive  antenna,  narrow  beam 
or  area  coverage  ton  Satellites  7- 10);  transmit  anten¬ 
na.  narrow  beam  or  area  coverage  ton  Satellites  7- 1  ft! 
Channel  4:  bandwidth.  50  MH/:  receive  antenna,  earth  cover¬ 
age:  transmit  antenna,  narrow  beam  or  area  cov  erage 
ton  Satellites  7- 1  ft  > 

This  selection  of  channels  prov  ides  the  flexibility  to  handle  a 
wide  variety  of  links  and  to  interface  with  many  different  sizes  of 
terminals.  The  subsystem  includes  tunnel  diode  preamplifiers, 
single-frequency  conversion,  tunnel  diode  amplifiers  (TDAsi  and 
driver  and  high  power  TWTs.  The  TDAs  can  be  switched  to  vari¬ 
ous  gains  to  permit  either  linear  or  saturated  operation  of  each 
channel.  All  the  communication  subsystem  assemblies  are  redun¬ 
dant. 

The  DSCS  II  satellites  are  launched  in  pairs.  The  first  launch 
was  m  November  1971.  At  first,  both  satellites  operated  properly, 
but  major  problems  occurred  in  each  in  the  year  following  launch, 
and  they  ceased  to  operate  in  September  I  S»7 2  and  June  I  ft 75. 
Analy  ses  of  these  problems  prov  ided  the  basis  for  design  modifi¬ 
cations  for  the  following  satellites.  The  next  pair  was  launched  in 
December  I  ft 73.  One  failed  in  ll)7ft:  the  other  is  experimental, 
"flic  third  pair  was  launched  in  May  1075  but.  because  of  a  launch 
vehicle  failure,  they  did  not  achieve  a  useful  orbit. 

Fate  in  1974.  a  set  of  six  replenishment  satellites  was  ordered 
by  the  Cnited  States  Government.  Later,  a  third  group  of  four  sat¬ 
ellites  was  ordered. These  four  satellites  have  40- W  TW  Ts  instead 
of  20-VV  TWTs.  and  all  ten  have  one  narrow  beam  antenna  delo- 
eused  to  provide  area  coverage  (ft-deg  nominal  beamwidth). 


These  ten  satellites  were  launched  to  establish  and  maintain  an 
orbital  system  of  four  active  and  two  spare  satellites.  The  first  pair 
(Satellites  7  and  8)  was  launched  in  May  1977.  3  ie  next  pair  was 
launched  in  March  1978  but  was  lost  as  the  result  of  a  launch  ve¬ 
hicle  malfunction.  Satellites  1 1  and  12  were  launched  in  Decem¬ 
ber  1978.  and  Satellites  13  and  14  were  launched  in  November 
1979.  Satellite  I  ft  was  launched  in  October  1982  with  the  first 
DSC'S  III.  and  Satellite  15  was  launched  in  1989  with  the  second 
DSCS  III.  Some  of  the  older  satellites  have  been  moved  above  the 
sy  nehronous  orbit. 
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tems  Conference  ( April  1974). 
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SKYNET  II 


Sky  net  is  the  name  of  the  British  military  eommunieation  sat¬ 
ellite  system.  The  first-generation  satellites  (Skynet  I)  were 
launched  in  I9ft9  and  1970.  One  of  these  satellites  operated  suc¬ 
cessfully  for  several  years,  but  the  other  was  lost  as  the  result  of 
an  apogee  motor  failure.  The  Skynet  II  satellites,  with  greater 
power  anil  reliability,  permitted  the  resumption  of  Skynet  opera¬ 
tions  1 1 -7 1  Although  the  British  and  Cnited  States  requirements 
differed  sufficiently  to  preclude  a  common  military  communica¬ 
tion  satellite  system,  the  two  systems  were  designed  for  some 
measure  of  interoperability. 

The  Skynet  II  design  was  similar  to  that  of  Skynet  I.  except 
that  the  Skynet  II  satellites  were  larger  and  heavier.  The  main 
body  of  the  satellite  was  a  spinning  ey  linder.  w  ith  all  the  electron¬ 
ic  equipment  mounted  on  the  inside.  A  despun  earth  coverage  an¬ 


tenna  was  mounted  on  one  end  of  the  satellite  body.  The  larger 
satellite  allowed  a  bigger  solar  array  than  that  on  Skynet  I.  Be¬ 
cause  of  the  additional  power  available,  a  20-VV  TWT  was  used 
rather  than  the  3.5-W  TW  T  on  Skynet  I.  Skynet  II  also  had  more 
redundancy  than  Skynet  I  to  increase  the  design  life  from  three  to 
five  years. 

The  Skynet  II  repeater  was  a  double-conversion  type  with 
2  MH/  and  20-MH/  channels.  There  was  no  preamplifier  before 
the  dovvneonverter.  Fateh  channel  was  amplified  separately  before 
being  summed,  limited,  and  amplified  by  one  of  the  redundant 
TWTs.  The  amplifier  gains  were  set  so  that  the  narrowband  chan¬ 
nel.  which  was  used  by  small  terminals,  received  SOL  of  the 
transmitter  power.  Other  satellite  and  communication  subsystem 
details  were  as  follows: 
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Satellite 

('slimier.  75-in.  din..  53-in.  height  (82  in.  overall) 

517  lb  in  orbit,  beginning  of  life 
Solar  cells  and  NiCd  batteries.  200  \V 
Spin-stabili/ed 

Solid  roeket  motor  for  ape, gee  maneuser.  hydra/ine  propulsion 
for  on-orbit  use 

Configuration 

One  2-MH/  and  one  20-MH/  bandwidth  double-conversion  re¬ 
peater 

Transmitter 

7257.3  to  7250.3  N1H/  and  7266.4  to  7286.4  MH/ 


Two TWTs  (one  on.  one  standby) 

20-W  TWT  operated  at  approximately  1 8-W  output 

ERP:  26  dBW  (2-MH/  channel).  20  dBW  (20-MH/  channel). 

edge  of  earth 

Receiver 

7076  to  7978  MH/  and  7985. 1  to  8005. 1  MH/ 

9-dB  noise  figure 

Antenna 

Mechanically  despun  horn,  earth  coverage.  18.7-dB  peak  gain 
(transmit).  19.9-uB  peak  gain  (receive) 

Design  life 

Five  years 

Orbit 

Synchronous  equatorial  (inclination  <3  deg) 

Orbital  history 

A:  launched  1 8  January  1974  ( unsuccessful  because  of  launch  ve¬ 
hicle  malfunction),  decayed  25  January  1974 
B:  launched  22  November  1974.  used  until  1987.  initial  location 
about  49  E  longitude,  now  drifting  in  Eastern  Hemisphere 
Delta  2313  launch  vehicle 

Management 

Developed  by  Marconi  Space  and  Defence  Systems  Ltd.  with 
Philco  (later  Ford  Aerospace  and  Communications  Corporation) 
as  a  principal  subcontractor,  for  Air  Force  Space  and  Missile  Sys¬ 
tems  Organization  (now  Air  Force  Space  Systems  Division),  act¬ 
ing  for  the  United  Kingdom  Ministry  of  Defence 
Operated  by  United  Kingdom  Ministry  of  Defence 

The  Skynet  II  satellites  were  developed  in  Britain  w  ith  United 
Slates  assistance.  Launch  and  orbital  injection  were  handled  by 
the  United  States,  w  ith  Britain  assuming  control  for  on-orbit  op¬ 
erations.  The  lirst  Skynet  II  launch,  in  January  1974.  was  unsuc¬ 
cessful  because  of  a  launch  vehicle  malfunction.  The  remaining 
satellite  was  launched  in  November  1974.  The  command  svstem 
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tailed  early  in  1977  and.  therefore,  the  satellite  longitude  could 
not  he  controlled  alter  that  time.  Nevertheless,  the  satellite  was  in 
use  until  19X7. 

A 
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Aeronautics.  Vol.  72.  P.  L.  Bargellini.  ed.  (  19741. 

2.  V.  VV.  Wall.  "Satellite  for  Military  Communications."  Paper 
74-272.  A1AA  I Oth  Annual  Meeting.  January  1974. 
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GAPFILLER/GAPSAT 


Tacsat  anil  I.HS-6  were  the  tirst  tactical  communication  satel¬ 
lites  lo  be  used  by  the  Navy.  However,  they  were  both  experi¬ 
mental  satellites  pul  into  operational  status  and  thus  provided 
only  a  limited  operational  capability.  The  Navy  started  develop¬ 
ing  the  Fleet  Satellite  Communications  iFLTSATCOM)  system  in 
1 07 1  to  provide  a  full  operational  capability  with  global  deploy¬ 
ment.  Tacsat  failed  in  1972  and  I.HS-6  was  deteriorating.  Since 
the  first  FITSATCOM  launch  was  not  expected  until  1977.  the 
Navy  faced  a  gap  in  satellite  availability.  Therefore,  in  1977  the 
Navy  contracted  for  an  interim  satellite  service  lo  till  this  gap. 
fills  scrv  ice  was  called  (iaplillcr  or  Ciapsat  |  l-X|. 

Finch  (iaplillcr  satellite  had  three  UHF  channels  for  the  Navy, 
one  wideband  (700  kH/i  and  (wo  narrowband  (27  kll/i  The 
wideband  channel  was  chosen  to  have  the  same  bandwidth  and 
frequency  as  the  I.HS-6  channel,  and  the  narrowband  channel 
haiidw  ulth  was  set  equal  to  the  FITSATCOM  channel  bandvv  idtli. 
file  minimal  Navy  commitment  was  to  lease,  for  at  least  two 
years,  the  wideband  channels  of  two  satellites  T  he  tirsi  satellite 
was  launched  in  February  1976  and  began  operation  the  next 
month  in  the  Atlantic  area  Concurrently.  I.HS-6  was  turned  off. 
file  second  satellite  was  launched  m  June  1976  and  began  opera¬ 
tions  m  the  Pacific  area  the  same  month.  T  he  wideband  channels 
were  divided  into  subchannels  with  (  DMA  operation  with  a  ca¬ 
pacity  ol  live  2400-bps  links,  one  1200-bps  link,  and  thirteen  77- 
bps  link'  One  narrow  hand  channel  was  also  put  into  use  by  the 
Navy  and  the  second  was  subleased  to  the  Army  In  October 
1976.  the  third  (iaplillcr.  which  was  primarily  a  spare  for  the  oili¬ 
er  two.  was  launched  to  provide  service  m  the  Indian  Ocean  At 
the  saute  time,  (he  leases  on  all  three  satellites  were  extended  into 
1979.  Additional  extensions  continued  (iapliiler  service  into 
1 9X6.  on  some  channels  The  British  Navy  started  leasing  some 


capacity  on  the  Atlantic  satellite  early  in  19X1.  (iaplillcr  use  end¬ 
ed  in  19X9. 

The  (iaplillcr  service  did  not  require  the  full  capability  of  the 
satellites  being  used  and.  therefore,  additional  channels  were  used 
for  communications  between  shore  stations  and  commercial 
ships.  This  was  called  the  Marisat  system.  These  satellites, 
which  are  called  either  (iapliller/Gapsal  or  Marisat  satellites,  de¬ 
pending  on  the  context,  are  described  later. 
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2.  J.  L.  Boxes  and  I  H.  Harden.  "Navy's  Fleet  Satellite  and 
(iaplillcr  Satellite  Communications  Programs."  Signal.  Vol. 
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NATO  III 

ellile  has  a  design  life  of  seven  years.  The  satellite  details  are  as 
follows: 

Satellite 

Cylinder.  86-in.  dia..  88-in.  ( I -3 1/84.5- i n.  (4)  height:  overall 
height  1 16  in.  ( 1-3)/ 1 13.5  in.  (4) 

Approximately  740  lb  ( l-3)/760  lb  (4)  in  orbit,  beginning  of  life 
Solar  cells  and  NiCd  batteries.  538  W  maximum  at  beginning  of 
life.  375  W  minimum  after  seven  years 

Spin-stabilized.  60  rpm:  antenna  pointing  accuracy  +0.3-deg  azi- 
nnith.  ±0.4-deg  elev  ation 

Solid  rocket  motor  for  apogee  maneuver,  hydrazine  propulsion 
for  on-orbit  use 

Configuration 

I7-.  50- .  and  85-MHz  bandwidth,  single-conversion  repeaters 

Transmitter 

Narrow  beam  (European  coverage): 

7250  to  7267  MHz  and  7352  to  7437  MHz 
20- W  ( l-3)/40-W  (4)  output  power 

35-dBW  EIRPover  lield  of  view  (measured  values  have 
been  >36.5  dBW):  38.3-dBW  EIRPover  tield  of  view  (4) 
Widebeam  (  Atlantic  coverage): 

7277  to  7327  MHz 
20- W  ( I -3/40- W  (4)  output  power 

26-dBW  ERP  over  lield  of  view  (measured  values  hav  e  been 
>3 1  dBW);  32.4  dBW  over  field  of  view  (4) 

Receiver 

7675  to  7662  MHz.  8002  to  8052  MHz.  and  8077  to  8162  MHz 
Redundant  tunnel  diode  preamplifiers  (1-3) 


The  NATO  communication  satellite  program  started  in  1667. 
The  tirsi  phase  was  the  experimental  use  of  the  IDCSP  satellites 
w  ith  two  ground  terminals.  The  second  phase  began  in  1670  with 
the  launch  of  the  first  NATO  satellite.  A  second  satellite  was 
launched  in  1671.  These  satellites  were  very  similar  to  the 
Sky  net  I  satellites.  The  NATO  III  satellites  |  l  -IO|  arc  larger  and 
have  significantly  greater  capabilities  than  the  earlier  NATO  sat¬ 
ellites. 

NATO  III  is  a  spin-stabilized  satellite  with  a  cylindrical  body 
and  a  despun  antenna  platform  on  one  end.  All  equipment  is 
mounted  within  the  body,  and  a  three-channel  rotary  joint  con¬ 
nects  the  communications  subsystem  w  ith  the  antennas.  The  sal- 
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NATO  terminal  lorations. 


•  Nominal  satellite  location 
a  Ground  terminals 


Redundant  field  effect  transistors  preamplifiers  1 4 » 

-14  dB/K  (i/T 

Antenna 

One  uidebcam  (Atlantic  eoxerage)  rcccixing  horn.  I S . 5 - 1 1 H  peak 
gain.  1 7.0-tlH  gain  over ‘1.2-  v  Ib-dcg  field  ol  x  icxx 
One  widcbcum  transmitting  horn.  25.0-dU  peak  gain.  14.5-dB 
gain  over  ‘>.2-  *  I b-deg  lielil  ofx  iew 

One  narrow  beam  (European  eoxerage)  transmitting  horn.  27.5- 
ilB  peak  gain.  24.5-tlB  gain  oxer  5.4-  \  7.7-ileg  lielil  ol  x  iexx 
All  antennas  circular!)  pol;iri/eil 

(The  gains  given  are  specification  rallies:  measurements  indicate 
xxiileheam  gains  15  to  2  dB  higher  and  narrow  beam  gains  0.5  to 
O.S  dB  higher. ) 

Design  life 

Sexen  years 

Orbit 

Synchronous  ci|iialorial  (inclination  ’_5  ilegt.  stationkeeping  to 

±1/2  l-VV 

Orbital  history 

IMA:  launched  22  April  1070.  125  \V  longitude,  retired 

BIB:  launched  27  January  1477.  bO  \\  longitude,  retired 

1110:  launched  IX  Nox  ember  I47N.  IS  \\  longitude,  operational. 

spare  alter  NATO  IVA  becomes  operational 

Mil):  launched  14  Noxcmbcr  I4.S4.  21  \V  longitude,  spare 

Delta  2014  launch  x  chicle  ( 1-5) 

Delta  5014  launch  xehicle  (4) 

Management 

l)c\ eloped  by  lord  Aerospace  and  Communications  Corporation 
lor  Ail  I  orce  Space  Systems  Dixision  (formerly  Air  I  nice  Space 
anil  Missile  Systems  Organi/alion)  acting  lor  NATO 
Operated  by  NATO.  TT&O  support  by  Air  I  orce  Satellite  Control 
lacililx 


NATO  111  has  three  communication  channels  with  1 7-.  50-. 
and  S5-MII/  bandxxidlhs.  all  ol  which  can  he  used  simultaneous¬ 
ly.  All  channels  are  received  through  a  horn  antenna  with  a  pat¬ 
tern  cox ering  the  North  Atlantic  region,  including  the  east  coast 
of  North  America,  all  of  western  liurope.  and  the  Mediterranean. 
This  is  called  w  ideheam  coverage.  After  a  common  tunnel  diode 
preamplifier,  the  three  channels  are  separated  and  each  is  ampli¬ 
fied  in  a  I  DA.  All  these  units  are  redundant.  The  50-MU/  chan¬ 
nel  is  transmitted  through  the  widcbcum  transmit  path,  whereas 
the  other  txxo  channels  are  combined  in  the  narrow  beam  path. 
I  our  I  DA  driver  TYVTA  chains  are  available.  On  Satellite  HID. 
I  111  preamplifiers  and  amplifiers  replaced  all  the  tunnel  diode 
units,  bach  transmit  path  has  a  choice  among  three  chains,  al¬ 
though  both  paths  cannot  use  a  TWTA  simultaneously.  The  xx  ide¬ 
heam  transmit  antenna  is  a  horn  with  the  same  eoxerage  as  the 
receixing  antenna.  A  larger  horn  provides  narrow  beam  eoxerage 
of  western  l.urope  only.  1  he  three  antennas  (one  receixe.  two 
transmit)  are  each  connected  to  separate  channels  in  the  rotary 
joint. 

A  e|iia  I  i  li  cat  ion  model  and  two  flight  model  satellites  were 
constructed.  The  first  xvas  launched  in  April  1 47b  and  xxas  put  in 
operation  after  orbital  testing  xxas  completed.  NATO  I1IB  was 
launched  in  January  1477  as  an  orbiting  spare.  It  xxas  loaned  to 
the  Cnited  States  to  till  the  east  Pacific  operating  location  of  the 
DSCS  system  until  at  least  four  DSCS  II  satellites  were  available. 
This  goal  xxas  reali/eil  as  a  result  of  the  DSCS  II  launch  in  De¬ 
cember  1 47X.  DSCS  traffic  was  remoxeil  from  NATO  IIIB  in 
January  1474.  and  it  was  returned  to  its  station  oxer  the  Atlantic 
Ocean.  NATO  traffic  was  switched  to  NATO  IIIB  in  December 
I4S2.  and  NATO  IIIA  xxas  used  for  ground  terminal  testing.  The 
i|ualilication  model  has  been  rexxorked  into  the  third  (light  model 
and  xxas  launched  in  Nox ember  I47S  and  put  into  a  dormant  state, 
known  as  orbital  storage.  NATO  MIC  xxas  reactixated  and 
became  the  primary  NATO  spacecraft  in  December  14X6.  and 
NATO  IIIB  became  a  lest  xehicle.  In  14, SO.  a  follow-on  contract 
was  issued  for  a  fourth  satellite,  which  xxas  launched  in  Nox  em¬ 
ber  I4N4.  The  contract  included  an  option  for  a  fifth  satellite,  but 


t he  option  was  not  exercised.  In  1991.  NATO  IVA  will  become 
the  primary  sulellite.  with  NATO  1 1 1C'  and  HID  as  spares. 

The  NATO  III  satellites  are  part  of  the  NATO  satellite  commu¬ 
nications  system.  This  system  has  a  main  control  center  and  an 
alternative  control  center.  Twenty-one  lived  ground  terminals, 
most  with  42  -  ft  antennas,  and  one  transportable  terminal  commu¬ 
nicate  through  the  satellites.  All  transmissions  are  digital  and 
share  the  satellite  via  FDMA.  The  satellite  communication  sys¬ 
tem  is  a  part  of  the  NATO  Integrated  Communications  System, 
which  a  Iso  has  various  terrestrial  communications  links  and 
switching  and  control  nodes. 
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FLTSATCOM  AND  AFSATCOM 


Tacsat  and  LES-5  and  -6  were  experimental  satellites  that 
demonstrated  UHF  (225-  to  400-MH/  hand)  links  w  ith  mobile 
terminals.  These  satellites  were  used  for  numerous  tests,  and  Tac¬ 
sat  and  EES-6  provided  a  limited  operational  capacity  for  DoD. 
Tacsat  ceased  to  operate  at  the  end  of  1972.  and  LES-6  operated 
into  1976.  although  its  performance  had  degraded  considerably 
since  it  was  launched.  The  Gaptiller  satellites  prov  ided  a  limited 
operational  capability  beginning  in  1976.  This  capability  was 
significantly  improved  as  the  FLTSATCOM  satellites  were  de¬ 
ployed.  The  Gapliller/FETSATCOM  sy  stem  is  DoD's  first  opera¬ 
tional.  rather  than  experimental,  sy  stem  for  tactical  users  |  J -24 1. 

FLTSATCOM  serves  Navy  surface  ships,  submarines,  aircraft, 
and  shore  stations.  Air  Force  Satellite  Communications  (AFSAT¬ 
COM)  serves  Air  Force  strategic  aircraft,  airborne  command 
posts,  and  ground  terminals.  The  two  systems  share  a  set  of  four 
FLTSATCOM  satellites  in  synchronous  equatorial  orbits.  The 


1 1 JSATCOM  satellite. 


Air  Force  also  has  communications  equipment  packages  on  sev¬ 
eral  satellites  in  high  inclination  orbits  to  prov  ide  coverage  of  the 
north  polar  region,  which  is  not  visible  from  the  equatorial  satel¬ 
lites. 

The  FLTSATCOM  satellites  have  a  hexagonal  body  composed 
of  two  modules.  The  last  two  satellites  have  a  third  module  for 
the  extremely  high  frequency  (FUF)  communications  package 


described  later  in  this  section.  This 
third  module  has  the  same  hexagonal 
shape  as  the  other  two  but  only  half  the 
height;  it  is  mounted  behind  the  other 
two  (i.e.,  the  side  of  the  satellite  facing 
away  from  the  earth).  The  spacecraft 
module  contains  the  attitude  control, 
power,  and  TT&C  subsystems  as  well  as 
the  apogee  motor.  The  two  solar  arrays 
are  mounted  on  booms  attached  to  this 
module.  The  satellite  is  three-axis-sta- 
bilized  by  means  of  redundant  reaction 
wheels  and  hydra/ine  thrusters.  This 
type  of  stabilization  allows  the  antennas 
to  face  the  earth  continuously  while  be¬ 
ing  directly  attached  to  the  satellite 
body.  The  solar  array  booms  are  always 
parallel  to  the  earth's  axis;  motors  keep 
the  arrays  oriented  toward  the  sun. 

The  other  module  of  the  satellite  contains  the  communication 
subsystem.  The  antennas  are  mounted  on  the  earth-viewing  side 
of  this  module.  The  largest  antenna  is  for  UHF  transmissions  and 
is  a  16-ft  diameter  paraboloid  w  ith  a  solid  center  section.  The 
outer  part  of  the  surface  is  a  mesh  that  is  attached  to  twelve  ribs. 
The  mesh  is  deployed,  along  with  the  solar  arrays,  after  the  satel¬ 
lite  is  injected  into  synchronous  orbit.  The  separate  CHF  receiv¬ 
ing  antenna  is  a  single  helix  about  I  ft  diameter  x  1 1  ft  long, 
deployed  to  the  side  of  the  large  paraboloid.  The  third  antenna  is 
a  horn  that  is  used  for  reception  of  the  X-band  (super  high  fre¬ 
quency  or  SHF)  Meet  broadcast  uplink  and  transmission  of  an  X- 
band  beacon.  The  satellite  details  are  as  follows: 

Satellite 

Hexagon.  7.5  ft  across.  4  ft  (5  ft.  Satellites  7  and  8)  in  height,  with 
two  deployed  solar  arrays  (each  approximately  0  x  13  ft)  and  a 
I  ft- ft  deploy  ed  antenna,  ov  erall  span  43.4  ft.  ov  erall  height  21  It 
(22  ft.  7  anil  8) 

2250  lb  (2700  lb.  7  and  8)  in  orbit,  beginning  of  life 
Sun-tracking  solar  array  and  NiCd  batteries,  approximately 
1570  W  (approximately  2200  W.  7  and  8)  at  beginning  of  life,  ap¬ 
proximately  1 2  l()\V  (approximately  I560W.  7  and  8)  minimum 
after  five  years 

Three-axis-stabili/ed  using  momentum  wheels,  accuracy  better 
than  ±0.2  deg  (pitch  and  roll)  99' <  and  ±1  deg  (yaw  )  3  a 
Solid  rocket  motor  for  apogee  maneuver,  hydrazine  propulsion 
for  on-orbit  use 

Configuration 

Channel  I:  X-band  uplink  to  CHI' downlink.  25-kHz  bandw  idth 
Channels  2  to  9:  25-kHz  bandwidth  (CHI  ) 

Channels  II  to  22:  5-kHz  bandwidth  (CHI  ) 

Channel  23:  500-kHz  bandwidth  (l  lll  ) 

FHF  (7  and  8):  32-channel  processing 

Transmitter 

240-  to  270-MHz  band 

Twelve  transistor  power  amplifiers.  25-  to  43- W  output  per  am¬ 
plifier.  each  with  full  redundancy 

FRI’  per  channel  (edge  of  earth):  26  dllW,  Channels  I  to  3.  5. 1  to 
10;  28  dBW.  Channels  4.  6:  16.5  dBW.  Channels  1 1  to  22:  27 
dBW.  Channel  23 


In-orbit  FRP  exceeds  these  specifications  by  about  2  dB 
FHF  (7  and  8):  20-GHz  band.  20- W  TWT  plus  spare,  on-hoard 
processor  switches  output  between  spot  and  caith  i  overage  beam 

Receiver 

200  to  320  MHz.  8  GHz.  and  44  GHz  (7  and  8) 

Antenna 

16-lt  deployable  CHF  parabola,  earth  coverage,  circularly  polar¬ 
ized 

Deploy  able  CHF  helix.  I  -ft  dia..  1 2  ft  long,  earth  cov  erage.  circu¬ 
larly  polarized 

X-band  horn,  earth  coverage,  circularly  polarized 
FHF  (7  and  8):  steerable  8  in.  dia.  reflector  prov  iding  a  5-deg 
spot  beam  with  separate  20-  and  44-GHz  feeds,  two  earth  cover¬ 
age  horns  (one  each  for  20  and  44  GHz) 

Design  life 

Five  years  (3.1  years  MMD  predicted  before  first  launch:  seven 
years  MMD  expected  from  experience  through  1086) 

Orbit 

Synchronous  equatorial  (inclination  <3  deg:  up  to  5  deg  accepted 
beyond  live  years),  stationkeeping  to  ±1  F-W 

Orbital  history 

I:  launched  0  February  1078.  in  use.  177  W  longitude 

2:  launched  4  May  1070.  in  use.  73  I:  longitude 

3:  launched  17  January  1080.  in  use.  22  W  longitude 

4:  launched  30  October  1080.  in  use.  172  F  longitude 

5:  launched  6  August  1081.  damaged  al  launch,  out  of  service. 

moved  above  sy  nchronous  orbit 

6:  destroyed  during  launch  26  March  1087 

7:  launched  4  December  1086.  in  use.  100  W  longitude 

8:  launched  25  September  1080.  in  use.  23  \V  longitude 

Atlas-Centaur  launch  vehicle 

Management 

Developed  by  TRW  Systems  Group  for  Air  Force  Space  Systems 
Division  (formerly  Air  Force  Space  and  Missile  Systems  Organi¬ 
zation) 
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Operated  by  Naval  Telecommunications  Command  until  mid- 
1980s,  Naval  Space  Command  since,  TT&C  support  by  Air  Force 
Satellite  Control  Facility 

The  satellite  has  four  types  of  communication  channels.  The 
Navy  uses  one  fleet  broadcast  channel  and  nine  25-kHz  band¬ 
width  tleet  relay  channels.  The  Air  Force  uses  twelve  narrow- 
hand  (5  kHz  each)  channels  and  one  wideband  (500  kH/) 
channel.  All  links,  except  the  fleet  broadcast  uplink,  are  in  the 
240-  to  400-MH/  band  with  the  downlinks  at  the  lower  part  of  the 
band.  The  fleet  broadcast  uplink  frequency  is  about  8  GFi/.  Ei¬ 
ther  processing  or  nonprocessing  receivers  may  be  used  with  the 
fleet  broadcast  and  some  Air  Force  narrowband  uplinks.  Use  of 
the  processing  receivers  provides  some  antijam  capability.  The 
satellite  has  twelve  power  amplifiers,  one  for  each  of  the  Navy 
channels,  one  for  the  Air  Force  narrow  band  channels,  and  one  for 
the  Air  Force  w  ideband  channel.  A  LJHF  command  channel  is 
provided  on  FLTSATCOM  for  operational  control  of  the  Air 
Force  narrowband  package  and  limited  redundancy  switching  of 
the  fleet  broadcast  channel. 

The  fleet  broadcast  channel  has  an  information  rate  of  1200 
bps  composed  of  fifteen  teletype  and  one  synchronization  channel 


at  75  bps  each.  The  initial  use  of  each  fleet  relay  channel  is  a  sin¬ 
gle  1 200-  or  2400-bps  link.  To  make  better  use  of  the  channel  ca¬ 
pacity.  the  Navy  is  changing  to  TDMA  transmissions  with 
preassignment,  followed  by  automated  demand  assignment. 
Tests  of  TDMA  with  demand  assignment  were  conducted  in 
1978.  By  the  second  half  of  the  1980s.  operational  equipment 
was  in  use  on  many  ships:  extension  to  aircraft  and  submarines 
was  planned  to  be  done  by  the  mid-1990s.  The  TDMA  format 
uses  burst  rates  between  9.6  and  32.0  kbps.  Each  narrow  band  Air 
Force  channel  is  used  for  a  single  75-bps  link.  The  wideband 
channel  is  used  for  multiple  FDMA  links  at  75  bps  or  a  single 
higher  rate  link. 

AFSATCOM  does  not  have  its  own  satellites  for  the  polar  cov¬ 
erage  orbits.  Rather.  UHF  communications  packages  are  placed 
on  other  DoD  satellites.  These  packages  have  capabilities  similar 
to  those  of  the  twelve  narrowband  Air  Force  channels  on  the  FLT¬ 
SATCOM  satellites.  In  addition.  AFSATCOM  uses  a  single¬ 
channel  transponder  w  ith  antijam  improvements  on  DSCS  111  sat¬ 
ellites. 

Satellites  7  and  8  have  an  EHF  communications  package  w  ith 
a  44-GHz  uplink  and  20-GHz  downlink.  This  package  is  called 
the  FEP( FLTSATCOM  EHF  Package).  It  uses  a  Milstar-compat- 
ible  signal  structure.  The  FEP  was  developed  by  Lincoln  Labora¬ 
tory.  Its  purpose  is  to  demonstrate  the  operational  capabilities  of 


Frequency 

synthesizer 


UHF 

command 

receiver 


UHF 

command 

decoder 


Frequency 

synthesizer 


the  EHF  terminals  and  to  prove  key  functions  of  the  Milstar  sys¬ 
tem. 

The  EHF  package  is  housed  in  a  third  hexagonal  module  add¬ 
ed  to  the  satellite.  The  additional  weight  is  accommodated  by  an 
improved  launch  vehicle  and  a  new  apogee  motor.  New  solar 
cells,  w  ith  higher  efficiency  than  those  used  on  Satellites  I  to  5. 
provide  the  added  power  with  no  increase  in  solar  array  size. 

The  EHF  package  has  both  earth  coverage  and  spot  beam  an¬ 
tennas.  It  demodulates  up  to  thirty-two  received  signals,  process¬ 
es  them,  and  reformats  and  modulates  them  for  downlink 
transmission.  Twenty-six  of  the  channels  are  for  communications. 


UHF  receive 
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each  at  rates  up  to  2400  bps:  the  remainder 
are  for  FEP  control.  The  uplinks  are 
FDMA:  they  are  combined  into  a  single 
TDM  data  stream  for  the  downlink.  Both 
links  are  frequency  hopped. 

The  FLTSATCOM  program  started 
with  live  satellites.  Congress  reduced  the 
program  to  three,  but  the  other  two  were 
restored  later.  The  first  satellite  was 
launched  in  February  1978.  and  the  tilth 
was  launched  in  August  1981.  The  first 
four  satellites  formed  a  constellation  with 
global  coverage.  Each  has  operated  satis¬ 
factorily  since  it  was  put  in  orbit  and  has 
provided  service  for  more  than  twice  its 
design  life.  The  fifth  satellite  was  dam¬ 
aged  during  ascent  and  is  not  useable. 

In  1982.  three  satellites  were  added  to  the  program.  Only  the 
last  two  have  the  FEP.  Satellite  7.  w  ith  FEP.  was  launched  before 
Satellite  6  to  provide  the  earliest  possible  EHF  capability  in  orbit. 
Satellite  6  was  destroyed  when  lightning  struck  the  launch  vehi¬ 
cle  during  ascent.  Both  Satellites  7  and  8  are  operating  as  expect¬ 
ed.  The  FLTSATCOMs  will  be  replaced  by  the  UHF^ Follow-On 
satellites. 
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DSCS  Hi 


and  MBA. 


The  Defense  Satellite  Communications  System  (DSCS)  satel¬ 
lite  constellation  has  live  operating  locations.  The  DSCS  was 
originally  planned  for  long-distance  communications  between 
major  military  locations.  However,  as  the  system  has  evolved, 
there  has  been  an  increase  in  both  the  number  and  variety  of  ter¬ 
minals.  In  the  1990s.  a  majority  of  the  DSCS  terminals  are  small, 
transportable,  or  shipboard  types.  The  DSCS  III  satellites  1 1-8| 
have  been  dev  eloped  to  operate  in  this  diverse  environment. 

The  primary  DSCS  III  communication  subsystem  has  eight 
antennas  that  can  be  connected  in  various  ways  to  the  six  tran¬ 
sponders.  Each  transponder  has  its  own  limiter,  mixer,  and  trans¬ 
mitter  and.  thus,  can  be  configured  to  serve  a  specific  ty  pe  of  user 
requirement.  The  configuration  includes  the  choices  of  receiv  ing 
antenna,  transmitting  antenna,  and  transponder  gain  level.  Also, 
each  transponder  can  he  used  w  ith  either  FDMA  or  TDM  A  trans¬ 
missions.  The  receivers  have  low  noise  field  effect  transistor 
preamplifiers.  The  midsections  of  the  transponders  are  limiter 
amplifiers  with  a  gain  commandable  over  a  24-dB  range  in  addi¬ 
tion  to  a  1 5-dB  commandable  attenuator.  These  amplifiers  can  be 
operated  in  either  a  linear,  quasilinear.  or  limiting  mode.  The 
transmitter  drivers  are  field  effect  transistor  amplifiers,  and  the 
power  amplifiers  are  either  40- W  or  10-W  TVV’Ts  or  10-W  solid 
state  amplifiers. 

There  are  two  earth  cov  erage  and  one  multibeam  receiv  ing  an¬ 
tennas.  Four  of  the  six  transponders  can  be  connected  to  the 
multiheam  antenna  (MBA).  This  antenna  can  form  a  beam  of 
variable  si/e.  shape,  and  location  by  means  of  a  beam-forming 
network  that  controls  the  relative  amplitudes  and  phases  of  each 
of  the  sixty-one  indiv  idual  beams.  This  antenna  can  also  form 
nulls  in  selected  directions  in  order  to  counter  jammers.  Two 
transmitters  are  always  connected  to  earth  coverage  antennas,  but 
the  other  four  may  all  be  connected  to  one  of  two  19-beam  trans¬ 
mit  MBAs.  These  antennas  have  the  same  capabilities  as  the  re¬ 
ceive  MBA  (except  nulling),  although  their  resolution  is  lower. 
Three  of  the  channels  can  also  be  switched  to  a  gimbaled  dish  an¬ 
tenna  (GDA)  that  generates  a  single  beam  with  high  effective  iso¬ 
tropic  radiated  power  (EIRP). 

The  secondary  communication  subsystem  on  DSCS  III  is  the 
AESATCOM  single  channel  transponder  (SCT ).  The  SC'T  has  its 
own  CHE  transmitting  and  receiving  antennas  but  can  he  con¬ 
nected  to  the  X-hand  earth  coverage  or  MBA  receiving  antennas. 
The  SCT  demodulates  the  received  uplink  and  remodulates  it  lor 
transmission  and  can  also  store  messages  for  repeated  transmis- 


The  DSCS  111  satellite  is  three-axis-stahili/ed.  All  antennas 
except  the  GDA  are  mounted  on  the  earth  viewing  face  of  the 
body  and  do  not  require  deployment.  The  sun-tracking  solar  ar¬ 
rays  are  deploy  ed  in  orbit  from  the  north  and  south  faces  of  the 
satellite  body.  All  support  subsystems  except  the  solar  arrays  are 
contained  within  the  body.  The  early  DSCS  III  satellites  had  no 
apogee  motor:  they  were  delivered  to  sy  nchronous  orbit  by  the 
launch  vehicle.  After  a  change  of  launch  vehicle,  a  bipropellant 
apogee  motor  stage  was  designed  and  incorporated  into  the  satel¬ 
lite.  This  stage  had  to  be  retrofitted  into  several  already  built  sat¬ 
ellites.  and  for  this  reason  the  Block  b  launch  order  differs 
significantly  from  the  production  sequence.  The  TT&C  sub¬ 
system  has  an  S-band  section  for  use  with  the  Satellite  Control 
Network  (SCN).  which  is  common  to  nearly  all  DoD  satellites, 
plus  an  X-band  section  for  use  with  the  communications  termi¬ 
nals.  This  prov  ides  redundant  command  paths  into  the  satellite 
and  allow  s  the  communications  users  direct  control  of  the  anten¬ 
nas  and  transponders.  The  satellite  and  communications  sub¬ 
system  details  are  as  follows: 

Satellite 

Rectangular  body,  approximately  b  x  b  x  10  ft.  ov  erall  span  of  de¬ 
ployed  solar  arrays  38  ft 

2475  lb  in  orbit,  beginning  of  life  (2580  lb  for  Satellite  4  and  up) 
.Sun-tracking  solar  arrays  and  NiCd  batteries.  1240  W  beginning 
of  life.  930  W  after  ten  years 

Three-axis-stabili/ed  using  reaction  wheels.  0.08-deg  accuracy  in 
pitch  and  roll.  0.8  deg  in  yaw.  0.2-deg  antenna  pointing  accuracy 
Liquid  propellant  apogee  maneuver  propulsion  (launches  begin¬ 
ning  in  1989).  hydra/ine  propulsion  for  on-orbit  use 

Configuration 

Satellites  I  through  7  prov  ide  channel  bandvvidths  of  60.  60.  85. 
60.  60.  and  50  N1H/  for  Channels  I  through  6.  respectively,  with 
the  frequencies  shown  on  the  block  diagram:  Satellites  8  through 
14  prov  ide  a  total  of  30  MH/  more  bandwidth  allocated  as  fol¬ 
lows:  50.  75.  85.  85.  60.  and  50  MH/.  respectively,  for  Channels 
I  through  6 

Transmitter 

Channels  I  and  2:  40-VVTWT  and  spare  for  each:  EIRP/channcl 
40  dBW  (MBA.  narrow  coverage).  29  dRW  iMBA.  earth  cover¬ 
age).  or  44  dBW  (GDA) 


1 1 1 


EC  MB  EC  EC  MB  p  MB  EC 


Channels  3  and  4:  10-W  TWT  for  each  and  a  shared  spare  (grad¬ 
ual  replacement  w  ith  10-W  transistor  amplifiers  beginning  on 
Satellite  4  and  l(S-W  transistor  amplifiers  for  the  last  seven  satel¬ 
lites  launched):  EIRP/ehannel.  34  dBW  (MBA  narrow  coverage). 
23  dBW  (MBA.  earth  coverage).  25  dBW  (horn).  (Channel  4 
only)  37.5  dBW  (GDA) 

Channels  5  and  6:  10-W  TWT  for  each  and  a  shared  spare  (grad¬ 
ual  replacement  with  10-W  transistor  amplifiers  beginning  on 
Satellite  4);  EIRP/ehannel.  25  dBW  (horn) 

SCT:  UHF;  approximately  70  W.  2 1 .3  dBW  minimum  FIRP:  SHF 
eommandable  0  to  lOO'f  of  Channel  I  TWT  power  (Satellites  4 
and  up):  HIRP  depends  on  MBA  configuration 
HIRPs  defined  at  edge  of  cov  erage 

Receiver 

TFT  preamplifiers 

Channels  I  to  6:  G/T -I  dB/K  (MBA.  narrow  coverage). -16 dB/ 
K  (MBA.  earth  coverage).  -14  dB/K  (horn),  both  at  edge  of  cov  ¬ 
erage 


SCT  (UHF):  GAT -24.5  dB/K  minimum  at  edge  of  coverage 

Antenna 

Receive  MBA:  one  45-in.  aperture,  sixtv-one  beams,  narrow- 

coverage  performance  defined  for  a  1-deg  cone 

Transmit  MBAs:  two.  each  with  28-in.  aperture,  nineteen  beams. 

narrow  coverage  performance  defined  for  a  I  -deg  cone 

Transmit  GDA:  parabola.  33-in.  dia..  steerable.  3-deg  beamw  idth 

Horns:  two  transmit,  two  receive,  earth  coverage 

UHF:  one  transmit,  one  receive,  ciossed  dipoles,  approximately 

4-dB  gain  at  edge  of  cov  erage 

All  antennas  circularly  polarized 

Design  life 

Ten  years  (seven  years  MMD) 

Orbit 

Synchronous  equatorial,  capable  of  ±0.1  deg  stationkeeping  N-S 
and  F-W 
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Orbital  history 

Al:  launched  30  October  1982  with  DSCS  11-16.  operational. 
1 30  W  longitude 

A2:  launched  in  1089  with  DSCS  11-15.  operational 
A3:  in  storage 

B4.  B5:  launched  together  in  1985.  operational 
B6-B13:  in  storage,  launches  planned  in  1992  to  1996 
BI4:  launch  scheduled  early  1992 
Titan  34D/1US  launch  vehicle  (Al) 

Titan  34D/Translage  ( A2) 

Atlas  II  launch  vehicle  (B6  to  BI4) 

Management 

Developed  by  GE  for  Air  Force  Space  Systems  Division 
Operated  by  Defense  Information  Systems  Agency  (formerly  De¬ 
fense  Communications  Agency).  TT&C  support  by  Air  Force  Sat¬ 
ellite  Control  Network  and  Satellite  Configuration  Control 
Elements  (SCCE) 

DSCS  III  design  studies  and  breadboards  of  certain  compo¬ 
nents.  particularly  the  MBAs,  were  carried  out  in  1976.  Final  de¬ 
velopment  started  in  1977  on  a  qualification  model  and  two  flight 
models  (these  three  satellites  are  called  Block  A  satellites),  the 
lirst  of  which  was  launched  in  October  1982  with  a  DSCS  II  sat¬ 
ellite  and  is  operational.  Three  others  have  been  launched  and 
more  launches  are  scheduled.  The  launches  will  establish  and 
maintain  an  orbital  constellation  of  at  least  five  active  and  two 
spare  satellites. 
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LEASAT 


In  the  1976  and  1977  Congressional  reviews  of  the  DoD  bud¬ 
get  for  communication  satellite  systems.  Congress  directed  DoD 
to  increase  its  use  of  leased  commercial  facilities.  This  direction 
was  specifically  applied  to  the  tactical  satellite  system  that  would 
follow  FFTSATCOM.  In  the  second  half  of  1977.  the  Defense 
Communications  Agency  ( DC  A ).  the  Navy,  and  the  Air  Force  de¬ 
veloped  technical,  programmatic,  and  fiscal  details  for  system  al¬ 
ternatives  that  would  satisfy  DoD  requirements  within  the 
Congressional  guidelines.  The  result  of  this  study  is  the  Leasal 
program  1 1  - 1 2 1.  Leasat  serves  the  Navy  primarily,  plus  Air  Force 
and  ground  forces  mobile  users.  The  FFTSATCOM  terminal  as¬ 
sets  are  used  with  Leasat. 

Leasat  has  four  types  of  communication  channels  with  charac¬ 
teristics  very  similar  to  the  FFTSATCOM  channels.  Channel  I  is 
for  fleet  broadcast  use  and  has  an  X-band  uplink  with  spread 
spectrum  antijamming  protection.  The  spectrum  spreading  is  re¬ 
moved  by  a  satellite  processor,  and  the  data  are  transmitted  on  a 
UHF  downlink.  Channels  2  through  13  have  UHF  uplinks  and 
downlinks  with  no  satellite  processing.  Channel  2  has  a  5(K)-kH/ 
bandwidth.  Channels  3  to  8  have  25-kH/  bandwidths.  and  Chan¬ 
nels  9  to  13  have  5-kH/  bandwidths.  Channels  9  to  13  share  a 
power  amplifier:  Channels  I  through  8  each  have  a  separate  am¬ 
plifier. 

The  Leasat  satellite  has  a  dual-spin  configuration  with  a  cylin¬ 
drical  solar  array  about  M  ft  in  diameter  and  9  ft  in  height.  The 
design  is  basically  the  same  as  the  Syncom  4  design  dev  eloped  by 
Hughes  in  an  effort  to  optimally  match  a  satellite  to  the  Space 
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Shuttle  launch  system  |2-4|.  The  central  challenge  in  the  Syncom 
4  project  was  to  find  the  combination  of  satellite  geometry  and 
upper  stages  that  minimizes  the  mission  cost  for  a  given  commu¬ 
nications  payload.  This  minimization  is  affected  by  three  main 
facts: 

•  The  payload  bay  diameter  of  the  Shuttle  is  15  ft.  in  contrast 
to  the  8-  and  l()-fi  fairing  diameters  of  the  launch  vehicles 
for  which  all  previous  communication  satellites  were  de¬ 
signed. 

•  The  Shuttle  launch  cost  is  proportional  to  the  fraction  of  the 
payload  bay  length  used  or  the  fraction  of  maximum  payload 
weight  capacity  used,  depending  on  which  is  greater. 

•  The  basic  Shuttle  orbit  altitude  is  150  nmi.  An  upper  stage 
or  stages  are  required  to  get  the  satellite  into  synchronous 
equatorial  orbit. 

I.easat  is  a  spinning  satellite  with  a  despun  communications 
and  antenna  platform.  For  the  purpose  of  allow  ing  space  for  a 
cradle  to  hold  the  satellite  in  the  Shuttle  and  to  eject  it  properly, 
the  satellite  diameter  was  set  at  14  ft.  The  length  of  the  satellite 
body  is  set  by  the  required  si/e  of  the  solar  array.  All  required  up¬ 
per  stage  propulsion  tits  inside  the  satellite.  In  the  bottom  center 
of  the  satellite  is  a  large  solid  propellant  perigee  motor  that  boosts 
the  satellite  into  an  elliptical  transfer  orbit  after  it  is  ejected  from 
the  Shuttle.  In  present  satellites,  this  position  is  occupied  by  the 
apogee  motor,  if  one  is  used.  In  the  Syncom  4/l.easat  design,  the 
apogee  boost  function  is  provided  by  two  liquid  motors.  These 
motors  and  the  fuel  tanks  that  feed  them  are  mounted  around  the 
perigee  motor.  There  is  still  sufficient  volume  within  the  satellite 
for  the  power  supply  electronics  and  batteries  and  the  attitude 


control  subsystem.  The  communication  subsystem  is  mounted  on 
the  despun  platform  at  the  forward  end  of  the  satellite  bod>.  The 
antennas  are  also  mounted  on  this  platform  and  are  folded  down 
against  it  during  launch,  then  deployed  w  hen  the  satellite  is  stabi¬ 
lized  at  synchronous  altitude. 

Leasat  has  five  antennas  on  the  despun  platform.  Two  are  X- 
band.  earth  coverage  horns,  one  for  receiving  the  Channel  I  up¬ 
link  and  one  for  transmitting  a  beacon.  An  omnidirectional 
TT&C  antenna  is  deployed  in  orbit.  Two  UHF  helices  are  also 
deployed  in  orbit.  Each  provides  earth  coverage,  one  for  trans¬ 
mission  and  one  for  reception.  Additional  satellite  details  are  as 
follows: 

Satellite 

Cylindrical  body.  13-ft.  10-in.  dia..  4 -ft  height  (approximately  21 
ft  overall  l 

29 1 5  lb  in  orbit,  beginning  of  life.  2760  lb  after  ten  years 
Solar  array  and  NiCd  batteries.  1 5(H)  W  beginning  of  life.  1 1 80  W 
minimum  after  five  years 

Spin-stabilized.  30  rpm.  antenna  pointing  accuracy  ±0.5  deg 
Solid  rocket  motor  for  perigee  maneuver,  bipropellant  liquid  pro¬ 
pulsion  for  apogee  maneuver,  monopropellant  hy  drazine  propul¬ 
sion  for  on-orbit  use 

Configuration 

Channel  I:  X-band  uplink.  UHF  dow  nlink.  25-kHz  bandw  idth 
Channel  2:  UHF.  500-kH/  bandwidth 
Channels  3  to  8:  UHF.  25-kHz  bandwidth 
Channels  9  to  13:  UHF.  5-kHz  bandwidth 
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Transmitter 

244  to  270  MH/  hand,  plus  beacon  at  approximately  7700  MH/ 
Nine  power  ampliliers.  one  each  for  Channels  I  to  <S.  one  for 
Channels  0  to  1 7 

FRP  per  channel,  minimum  at  edge  of  coverage:  26  dBW  (1.7  to 
SI.  28  dBW  (2).  16.5  dBW  (0  to  f.7) 

Receiver 

200-  to  718-MH/  hand  and  approximately  8000  MH/ 

(i/T  (minimum  til  edge  of  coverage):  -IS  dB/K  (UHF).  -20  dB/ 
K  (X-hand) 

Antenna 

Two  UHF  helices  each  about  1  -ft  dia.  and  1 2.6  ft  long  (one  trans¬ 
mit.  one  receive).  14-dB  gain  at  edge  of  earth,  and  two  X-hand 
horns  (one  beacon,  one  receive).  17-dB  gain  at  edge  of  earth:  all 
earth  coverage 

Design  life 

Ten  years 

Orbit 

Synchronous  equatorial,  inclination  <7  deg.  stationkeeping  to 
±'l  H-W 

Orbital  history 

I :  launched  8  November  1084  (deployed  from  Shuttle  It)  Novem¬ 
ber).  in  use.  16  W  longitude 

2:  launched  70  August  1084  (deployed  from  Shuttle  71  August), 
in  use.  1 77  W  longitude 

7:  launched  12  April  1085  (deployed  from  Shuttle  12  April), 
tailed  to  operate,  repaired  in  low  earth  orbit  August-Septemher 
1085.  in  use.  106  W  longitude 

4:  launched  27  August  1085  (deployed  from  Shuttle  20  August), 
tailed  September  1085.  moved  above  synchronous  orbit 
5:  launched  0  January  1000  (deployed  from  Shuttle  10  January), 
in  use.  72  I:  longitude 

Management 

Developed  by  Hughes  Communication  Services.  Inc.  (a  subsid¬ 
iary  of  HughesAireraft  Company  ).  and  Hughes  Aircraft  Company 
for  Nav  al  Flectronics  Sy  stems  Command 

Operated  by  Hughes  Communication  Services.  Inc.,  and  Naval 
Communications  Command 

The  contract  lor  l.easat  dev  elopment  was  awarded  in  Septem¬ 
ber  1078  and  is  for  live  years  of  communication  service  to  be  pro¬ 
vided  at  each  of  four  orbital  locations.  The  lirst  launch  was 
scheduled  for  1082.  However,  delay  s  in  the  Shuttle  program  de¬ 
layed  the  launch  dates  and  resulted  in  a  two-year  suspension  of 
work  on  the  satellites.  Work  resumed  early  in  1087.  and  the  lirst 
two  launches  occurred  in  1084.  The  delayed  introduction  of 
l.easat  did  not  cause  any  problems,  because  the  predecessor  l-’l.T- 
S ACCOM  spacecraft  operated  much  longer  than  expected. 

The  third  l.easat  was  launched  in  April  1085.  hut  the  satellite 
failed  lo  turn  on.  In  the  following  days,  the  Shuttle  crew  carried 
out  ;t  rescue  attempt,  devised  by  NASA  and  contractor  teams  on 
earth,  but  it  was  unsuccessful.  The  fourth  l.easat  was  launch ed  in 
August  1085.  The  same  Shuttle  mission  then  rendezvoused  with 
l.easat  7  and  curried  out  a  repair,  which  was  successful,  allowing 


ground  controllers  to  turn  the  satellite  on  and  orient  it.  Alter  a 
wait  to  ensure  that  the  propellants  were  warm,  l.easat  7  was 
placed  into  geosy  nchronous  orbit  in  November  1085  and  into  op¬ 
eration  the  next  month.  Unfortunately,  l.easat  4  failed  shortly  af¬ 
ter  arriving  in  geosynchronous  orbit,  and  the  wideband  channel 
on  l.easat  2  failed  in  October  1085.  The  fifth  and  last  l.easat 
launch  was  in  January  1000. 

The  l.easat  contract  includes  an  option  for  a  two-year  service 
extension  beyond  the  basic  live-year  serv  ice  period,  and  an  option 
for  the  Navy  to  purchase  the  satellites  after  the  two-year  exten¬ 
sion.  The  two-year  option  has  been  activated  for  the  lirst  three 
satellites.  The  lirst  two  options  expire  near  the  end  of  1001 ;  the 
Navy  hits  announced  their  intention  to  purchase  these  satellites. 
The  third  option  expires  in  late  1002.  The  live-year  period  for  the 
tilth  satellite  expires  in  early  1005.  Use  of  the  remaining  options 
on  these  satellites  has  not  been  decided.  The  Leasals.  along  with 
the  FLTSATCOM  satellites,  will  he  replaced  by  the  UHF  Follow- 
On  satellites. 
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SKYNET  4 


Skynct  is  the  British  military  communications  network.  Of  the 
tour  Sky  net  I  and  2  satellites  launched  between  1 904  and  1 S) 7 4 . 
only  Sky  net  2B  provided  long-term  service,  remaining  in  use  un¬ 
til  the  latter  part  of  the  ll)X()s.  These  Skynct  satellites  were  posi¬ 
tioned  over  the  Indian  Ocean  to  serve  British  military 
installations  from  Great  Britain  to  Hong  Kong.  The  decision  to 
w  ithdravv  from  many  of  the  Asian  installations  contributed  to  the 
1974  cancellation  of  plans  to  develop  Skynct  3. 

A  fundamental  principle  of  Skynct  is  to  maintain  interopera¬ 
bility  with  the  l'  itited  States  and  NATO  communication  satellites. 
Because  of  this.  Great  Britain  was  able  to  obtain  satellite  capacity 
from  the  other  two  systems  both  in  the  early  I  S>70s  and  from 
the  kite  ll)7()s  through  the  19X0s.  However,  the  in¬ 
creasing  requirements  for  satellite  communica¬ 
tions.  especially  to  mobile  users  and  small  > — 

transportable  terminals,  plus  the  vie-  s' 

sire  for  direct  control  of  the  salel-  /  'N 

I ite  lead  to  the  rev  ival  of 


Skynct  4  satellite. 


The  Skynct  4  satellite  1 1-7|  devel¬ 
opment  is  intended  to  provide  Great  Britain 
with  military  communication  satellites  through  the 
1 990s.  In  19X0.  two  British  contractors,  each  teamed 
w  ith  a  I'nitcd  States  contractor,  conducted  studies  of  the  satellite 
concept,  liarly  in  I9X  I .  these  two  teams  submitted  proposals  for 
satellite  development.  Alter  reviewing  the  proposals,  the  British 
Ministry  of  Defence  directed  the  two  companies  to  submit  a  joint. 
all-British  proposal.  This  was  feasible,  because  one  company 
was  strong  in  spacecraft  and  the  other  in  communications  pay- 
loads. 

Development  of  Skynct  4  started  late  in  14X2.  The  satellite  is 
three-a\is-siahili/ed  with  deployed  solar  arrays  and  is  derived 
from  the  Huropean  IT'S  design.  The  ITII  spiral  antenna  is  de¬ 
ployed  in  orbit,  hut  other  antennas  are  lived  on  the  satellite  body. 
The  satellite  has  several  survivability  features  including  nuclear 
hardening,  on-board  signal  processing,  spread  spectrum  on  some 
links,  and  secure  telemetry  and  command  links  v  in  both  the  sepa¬ 
rate  telemetry  and  command  links  and  the  communications  links. 

The  communications  subsystem  operates  in  three  frequency 
hands.  The  primary  band  is  SHI-  (7/X  (ill/)  with  four  channels 
handled  by  three  amplifiers.  I  he  channels  are  normally  received 
through  an  earth  coverage  antenna,  but  the  spot-beam  antenna  can 
be  used  instead.  The  four  channels  are  normally  transmitted 
through  four  separate  antenna  beams,  although  each  of  the  three 
not  normally  on  earth  coverage  can  be  switched  to  it.  Channel  I 
is  on  earth  cov  erase:  Channel  2  is  normallv  on  the  narrow  beam. 


or  European  coverage,  antenna.  The  coverage 
/one  is  hounded  by  Iceland.  Gibralter.  the  Mediterra¬ 
nean  coast  of  Africa,  central  Turkey,  and  Norway.  Channel 
3  is  normally  on  the  widebeam.  or  North  Atlantic  coverage,  an¬ 
tenna.  This  coverage  /one  includes  the  Huropean  coverage  plus 
the  Atlantic  Ocean  north  of  23  N  latitude,  as  far  as  the  coast  of 
North  America.  Channel  4  is  normally  on  the  spot-beam  antenna 
which  covers  most  of  western  latrope.  These  coverage  /ones  re- 
llect  the  shift  in  British  military  interests  from  the  Indian  Ocean 
centered  scope  of  Sky  nets  I  and  2. 

The  second  part  of  the  communications  subsystem  operates  at 
CHI  .  This  part  has  only  two  channels  which  are  received  and 
transmitted  through  an  earth  coverage  beam.  These  channels  arc 
primarily  for  submarine  communications,  although  they  can  be 
used  by  land  mobile  units  and  aircraft.  The  third  part  of  the  com¬ 
munications  subsystem  is  an  experimental  CHI  1 44  GH/i  uplink. 
The  purpose  of  this  equipment  is  to  test  increased  jam  resistance 
not  obtainable  with  CHC  and  SHI .  Signals  received  on  this  up¬ 
link  are  processed  and  routed,  through  the  considerable  oil-board 
switching  arrangements,  to  the  SHC  downlink. 

Additional  description  of  the  satellite  and  the  communication 
subsystem  is  available  below. 

Satellite 

Rectangular  body,  approximately  5  x  h  x  b  ft.  approximately  53- 

It  span  across  solar  array  s 

1000-  I  700  lb  m  orbit,  beginning  of  life 

Sun-tracking  solar  arrays  and  batteries,  approximately  I  MM)  \V  at 
beginning  of  life.  1200  \V  alter  seven  years 

Thrce-axis-siabili/ed  using  momentum  wheels,  pointing  accura¬ 
cy  0,07  deg  in  pitch  and  roll.  0.35  deg  in  yaw 
Solid  rocket  motor  tor  apogee  maneuver,  hydra/ine  propulsion 
tor  on  ■«+>'?  use 

Configuration 

l  HI  :  two  25- k H/  bandwidth  channels  with  on  board  signal  pro- 


NB  Narrow  beam 

SB  Spot  beam  Skyt.el  4  SHh'  communication  subsystem. 

WB  Wide  beam 


SHF:  four  channels  with  bandwidths  of  1 35.  85.  60.  and  60  MHz. 

with  on  board  processing 

FHP:  one  experimental  uplink  receiver 

Transmitter 

UHP:  in  250-  to  260-MH/  band 

40- W  solid  state  amplitiers,  two  active  plus  spares 
26-dBW  PRP  per  channel  at  edge  of  earth 
SHF:  7250  to  7385.  7420  to  7505.  7530  to  7500.  7615  to  7675 
MHz 

40- W  TWTAs.  three  active  (one  each  for  Channels  1  and  3. 
one  shared  by  Channels  2  and  4)  plus  spares 
PRPs  at  edge  of  coverage  31  dBW  (Channel  I.  earth  cover¬ 
age).  34  dBW  (Channel  2.  [European  beam,  also  called  nar¬ 
row  beam).  35  dBW  (Channel  3.  widebeam).  30  dBW 
(Channel  4.  spot  beam) 

Receiver 

l  HP:  in  305-  to  315-MH/  baml 
- 1 8  dB/K  (i/T  at  edge  of  earth 

SUP:  7075  to  8110.  8145  to  8230.  8255  to  8315.  8340  to  8400 
MHz 

PPT  preampliliers 

PIMP:  in  43-  to  45-CiH/  hand 

Antenna 

CHI':  one  spiral  antenna  approximately  I  ft  in  dia.  x  8  ft  long, 
earth  coverage 

SHI;:  four  horns  (one  receive,  three  transmit),  earth  coverage, 
approximately  17-dB  gain  two  parabolic  "'Hectors  with  multi¬ 
horn  feeds  to  produce  a  widebeam  with  21.7-dB  gain,  a  narrow- 
beam  with  24.7-dB  gain,  and  a  3-dcg  spot  beam  with  29.5-dB 
gain,  all  gains  at  edge  of  coverage  one  special  serv  ices  parabolic 
reflector  to  produce  nulls  (for  uplink  all  circularly  polarized) 
PHP:  one  horn  antenna 

Design  life 

Seven  years 

Orbit 

Synchronous  equatorial.  ±0.1  P-W  stationkeeping,  no  N-S  sta¬ 
tionkeeping.  inclination  <3  cleg  over  life  by  choice  of  initial  orbit 
parameters 

Orbital  History 

4A:  launched  3 1  December  1080.  30  Pi  longitude,  operational 


4B:  launched  10  December  1088.  56°P  longitude,  spare 
4C:  launched  30  August  1000.  I  °W  longitude,  operational 
Titan  III  launch  vehicle  (4A).  Ariane  launch  vehicle  (4B.  4C) 

Management 

Developed  by  British  Aerospace  (spacecraft)  and  Marconi  Space 
Systems  (pay  load)  for  United  Kingdom  Ministry  of  Defence 
Operated  by  Ministry  of  Defence 

The  SHP  part  of  the  satellite  is  used  by  many  terminals  on  land 
and  on  ships.  About  forty  ships  already  have  communications 
equipment.  Many  large  aircraft,  such  as  maritime  patrol,  cargo, 
and  surveillance,  are  to  have  equipment  installed  by  the  mid- 
1000s.  Ground  forces  use  large  transportable  terminals  w  ith  2 1 -ft 
diameter  antennas,  smaller  transportable  terminals  w  ith  6- ft  an¬ 
tennas.  and  manpacks  with  antennas  smaller  than  2  ft.  The  largest 
of  these  terminals  is  capable  of  being  set  up  by  six  men  in  three 
hours.  The  master  satellite  control  station  is  at  Oakhanger.  En¬ 
gland  and  has  42-ft  antennas. 

The  initial  Skynet  4  order  was  for  two  satellites,  hut  a  third 
was  soon  added  to  the  contract.  All  three  are  in  orbit  and  have 
passed  their  initial  tests  successfully.  Two  are  in  use  and  the  third 
is  a  spare,  positioned  ov  er  the  Indian  Ocean  at  a  longitude  former¬ 
ly  used  by  the  older  Skynet  satellites.  It  is  possible  that,  by  the 
mid-1990s,  additional  Skynet  4  satellites  will  be  ordered,  perhaps 
with  enhanced  capabilities. 
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NATO  IV 


NATO  IV  satellites  |/-5|  will  replace  the  NATO  III  satellites 
to  continue  communications  support  through  the  1490s.  In  order 
to  avoid  the  cost  of  a  new  satellite  development.  NATO  decided 
to  obtain  copies  of  an  existing  design.  The  two  candidates  were 
the  l  lined  States  DSC'S  III  and  the  British  Skxnet  4.  The  British 
satellite  was  chosen  at  the  end  of  14, SO,  and  work  on  two  NATO 
IVs  commenced  in  19X7. 

N  ATO  IV  satellites  are  either  identical  to.  or  almost  identical 
to.  the  Skxnet  4  satellites.  The  satellite  drawing  in  the  Skxnet  4 
description  is  a  good  representation  of  NATO  IV.  The  descriptive 
information  tabulated  there,  except  for  launch  dates,  launch  vehi¬ 
cles.  and  orbital  locations,  should  he  the  same  for  NATO  IV.  The 
satellites  are  being  procured  by  the  British  Ministry  of  Defence 
acting  for  NATO. 


The  Itrst  satellite  was  launched  in  January  1991  on  a  Delta 
launch  vehicle.  It  will  be  the  active  NATO  satellite  A  second 
satellite  will  he  a  spare.  It  is  scheduled  for  launch  in  December 
1991.  but  the  launch  could  be  delaved  a  year  il  NATO  IVA  func¬ 
tions  properly  The  satellites  will  be  used  bv  the  tixed  site  termi¬ 
nals  that  have  been  operating  with  NATO  111  satellites  as  well  as 
by  sev  eral  do/en  transportable  terminals  in  construction. 
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l  14  January  1991  i.  p.  24. 


UHF  FOLLOW-ON 


l  i  ()  uitr/lih 


The  I  HT  follow -On.  or  l TO.  program  1 1 1  will  provide  satel¬ 
lites  to  replace  the  Navy's  IT.TSAK'OM  and  l.easat  satellites. 
Navy  requirements  for  THF  satellite  capacity  have  grown  'onsid- 
erably  since  the  first  I  1TSATCOM  was  launched  in  I97X.  At  that 
time,  lour  operational  satellites  plus  one  orbiting  spare  were 
planned.  The  current  constellation  is  double  that  si/e  and  in¬ 
cludes  six  IT.TSAT COMs  and  four  l.easats.  These  satellites  are 
functioning  properly,  but  half  olThem  have  exceeded  their  design 
lives,  and  all  but  one  will  be  beyond  design  life  bv  the  end  of 
1995. 

The  Navy  plans  to  replace  the  older  satellites  with  a  constella¬ 
tion  of  eight  I  I  Os.  plus  one  orbiting  spare,  between  1992  and 
149b.  The  I'lO  satellites  have  more  channels  than  the  earlier  sat¬ 
ellites.  However,  they  do  not  have  their  500-kH/  bandwidth 
channel,  because  it  was  found  to  he  less  useful  than  the  narrower 


bandwidth  channels.  Beginning  with  the  fourth  (.TO.  an  FHF 
communications  subsystem  compatible  with  Milstar  will  be  add¬ 
ed. 

[  lie  l TO  contract  was  awarded  in  July  19, XX  tor  one  satellite, 
with  options  for  nine  more.  Since  then,  live  options  have  been 
converted  to  linn  orders,  and  additional  options  are  expected  to 
be  c serviced.  The  contract  is  a  fixed  price  commercial  tvpe  rather 
than  the  cost  reimbursement  types  usually  applied  to  militarv  sat 
ellite  developments.  The  justification  is  considerable  experience 
w  ith  l  HI-  satellites,  w  hicli  results  in  a  low  risk  development.  The 
contract  also  requires  the  manufacturer  to  obtain  launch  vehicles 
and  deliver  the  satellites  in  orbit,  unless  the  government  chooses 
to  prov  ide  Shuttle  launches.  The  first  three  launches  vv  ill  definite¬ 
ly  be  arranged  by  the  manufacturer 

The  satellite  body  is  nearly  a  cube.  Solar  arrays  with  three 
panels  each  deploy  from  the  north  and  south  faces  when  the  satel¬ 
lite  reaches  orbit.  A  large  l  lll;  transmit  antenna  is  lived  on  the 
earth- v  tewing  face  of  the  satellite.  A  smaller  CHI-  receive  anten¬ 
na  is  deployed  in  orbit;  it  is  the  square  to  the  side  of  the  transmit 
array  in  the  satellite  drawing.  The  satellite  has  a  bipropcllant  pro¬ 
pulsion  subsystem  which  provides  some  of  the  perigee  maneuver, 
all  of  the  apogee  maneuver,  and  the  on-orbit  control.  The  satellite 
desien  lile  ot  fourteen  vears  is  the  longest  to  date,  although  main 
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satellites  in  orbit  have  exceeded  their  design  lives,  and  a  lew  have 
operated  over  fourteen  years.  Other  design  information  is  as  fol¬ 
lows: 

Satellite 

Rectangular  body  6x7x6  ft.  span  across  solar  arrays  60.7  ft. 
height  1 1  ft 

2S44  lb  in  orbit,  beginning  of  life  (Satellites  I  to  3) 

Sun-tracking  solar  arrays  and  NiHs  batteries,  approximately 
3000  W  beginning  of  life.  2460  W  minimum  at  end  of  life  (Satel¬ 
lites  I  to  3) 

Three-axis  stabilization,  antetma  pointing  accuracy  0.31  deg  (rss 
of  pitch  and  roll).  0.34  deg  (yaw) 

Liquid  bipropellant  propulsion  for  all  mission  phases 

Configuration 

One  fleet  broadcast  channel.  SHF  uplink  to  UHF  downlink.  25- 
kH/  bandwidth,  on-board  processing 
Seventeen  relay  channels.  25-kH/  bandw  idth.  UHF 
Twenty-one  narrowband  channels.  .vkl!/  bandw  idth.  UHF 
Eleven  processing  channels,  up  to  2400  bps  each.  EHF  (only  on 
Satellites  4  and  subsequent) 

Transmitter 

UHF:  243  to  270  MH/ 

Eleven  solid  state  power  amplifiers 

ERP  at  edge  of  earth  29  dBW  (broadcast  and  two  relay  chan¬ 
nels).  27  dBW  (other  relay  channels).  21  dBW  (narrowband 
channels) 

EHF:  approximately  20  GH/ 

One  active,  one  spare  ;  I  A 


SHF:  approximately  8  GH/ 

G/T  - 1 7.2  dB/K.  edge  ot  earth 
EHF:  approximately  44  GH/ 

Antenna 

UHF:  transmit  antenna  2  x  10.5  x  10.5  ft.  array  of  four  short 
backfire  elements.  15.7-dB  gain  at  9.2  deg  off  axis 
Receive  antenna  2  in.  x  5  x  5  ft.  microstrip  patch  array.  12.5-dB 
gain  at  9.2  deg  off  axis,  circular  polarization 
SHF:  two  earth  coverage  horns:  one  for  reception,  one  for  trans¬ 
mission 

EHF:  two  earth  coverage  horns:  one  for  reception,  one  for  trans¬ 
mission:  one  mechanically  steerable  parabolic  antenna.  5-deg 
beamwidth 

Design  life 

Fourteen  years  ( 12.6  years  MMD) 

Orbit 

Synchronous  equatorial.  ±1°  E-W  stationkeeping.  N-S  station¬ 
keeping  only  as  needed  to  limit  inclination  to  5  deg 
Longitudes  23  W.  I00°W.  72  E.  I72°E 

Orbital  History 

I:  launch  scheduled  mid  1992 
2:  launch  planned  1994 
3:  launch  planned  1994 
4  to  6:  launches  planned  1994-1995 
Atlas-Centaur  launch  vehicle 

Atlas  11-Centaur  launch  vehicle  for  Satellite  4  and  subsequent 

Management 

Developed  by  Hughes  Aircraft  Company  for  Naval  Space  Com¬ 
mand 

Operated  by  Naval  Space  Command  w  ith  support  from  Air  Force 
Satellite  Control  Network 
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Receiver 

UHF:  292  to  318  MHz 
G/T  - 1 4.3  dB/K.  edge  of  earth 


The  satellite  is  hardened  against  nuclear  radiation  and  can  op¬ 
erate  tor  thirty  days  without  ground  commands  other  than  for 
pay  load  reconfiguration  and  stationkeeping.  The  SHF  fleet 
broadcast  uplink,  and  the  EHF  links,  will  have  spread  spectrum 
signals  for  jamming  resistance.  The  EHF  signal  structure  is  com¬ 
patible  with  that  of  Milstar. 

The  EHF  payload  accommodates  eleven  FDMA  uplinks,  four 
through  the  earth  coverage  antenna  and  seven  through  the  steer¬ 
able  antenna.  Each  uplink  may  be  time  shared  by  multiple  users. 
The  downlink  is  a  time  multiplexed  combination  of  all  eleven 
channels  on  a  single  carrier.  Data  rates  between  75  and  1200  bps 
are  possible  in  each  channel,  and  any  channel  can  be  used  for  sat¬ 
ellite  command  and  telemetry.  A  switch  will  allow  routing  of  sig¬ 
nals  from  the  EHF  uplink  to  the  UHF downlink. 

Satellite  control  is  exercised  by  the  Navy  Space  Command. 
The  primary  satellite  command  and  telemetry  will  be  via  the  SHF 


uplink  and  SHF  downlink  beacon.  The  S-band.  Space-Ground 
Link  Subsy  stem  (SGLS)  command  and  telemetry  will  be  prov  id¬ 
ed  through  the  Air  Force  Satellite  Control  Network  from  launch 
through  stabilization  in  sy  nchronous  orbit. 

The  first  UFO  is  scheduled  to  be  in  orbit  by  July  1992.  If  all 
options  are  taken,  there  will  probably  be  three  more  launches  in 
1994.  three  in  1995.  and  three  in  1996.  This  would  provide  two 
satellites  for  each  of  the  four  operating  locations,  plus  one  spare. 
The  tenth  satellite  will  either  be  a  ground  spare  or  will  be 
launched  if  another  satellite  is  lost  in  a  launch  failure. 

I.  Aviation  Week  &  Spate  Technology  (21  March  1988).  p.  46: 
(8  August  1988).  p.  22:  (21  August  1989).  p.  22:  (4  June 
1990).  p.  69. 


MILSTAR 


In  the  late  1970s  and  early  1980s.  DoD  was  operating  three 
types  of  communication  satellite  assets:  DSCS.  FLTSATCOM 
supplemented  by  the  Gaptillers,  and  AFSATCOM.  The  FLTSAT¬ 
COM  satellites  have  been  supplemented  by  the  Leasats  beginning 
in  1984.  Follow  ing  Leasat.  a  major  system  improvement  called 
TacSatCom  II  was  planned  for  the  1990s.  A  major  improvement 
for  the  AFSATCOM  system,  called  the  Strategic  Satellite  System 
(SSS).  was  also  planned  to  start  in  the  mid-1980s. 

Congressional  opposition  to  these  plans  resulted  in  a  consoli¬ 
dation  of  the  two  planned  improvements  into  one  new  sy  stem 
called  Milstar  1 1  -7 1 .  This  sy  stem  will  provide  service  for  mobile 
users  in  both  strategic  and  tactical  environments.  The  Milstar 
system  and  satellites  are  designed  to  be  surv  ivable.  able  to  contin¬ 
ue  operations  through  all  levels  of  conflict.  The  satellites  are 
hardened  to  resist  effects  of  nuclear  radiation.  They  are  connect¬ 
ed  v  ia  60-GHz  crosslinks  to  prov  ide  worldwide  interconnectivity 
w  ith  a  minimal  dependence  on  ground  relay  nodes.  Atmospheric 
attenuation  is  very  high  at  the  crosslink  frequency,  making  the 
crosslink  immune  to  ground-based  interception  and  jamming. 
Satellite-ground  links  will  be  concentrated  in  the  EHF  hand  (44- 
GHz  uplinks.  20-GHz  downlinks)  with  spread  spectrum  wave¬ 
forms  designed  to  maximize  resistance  to  jamming.  Other  links 
will  use  UHF  for  compatibility  with  the  many  UHF  terminals  al¬ 
ready  in  use. 

The  Milstar  concept  was  defined  in  1980  and  1981.  In  1982. 
work  began  on  the  FLTSATCOM  EHF  Packages  (FEP)  described 
earlier.  Their  purpose  is  to  prov  ide  an  early  in-orbit.  Milstar- 
compatible  space  asset  lor  testing.  In  1983.  a  satellite  develop¬ 
ment  contractor  was  selected,  as  were  two  payload  development 
contractors.  A  critical  design  rev  iew  was  held  in  1986.  and  satel¬ 
lite  integration  tests  were  conducted  in  1990.  The  three  military 


services  awarded  multiple  contracts  since  1986  for  terminal  de¬ 
velopment  and  production.  Various  types  of  terminals,  with  an¬ 
tenna  diameters  between  6  in.  and  8  ft.  will  be  built  for  aircraft, 
ship,  and  land  use.  Throughout  these  years.  Congress  w  as  debat¬ 
ing  the  budget  for  Milstar  and  the  scope  of  the  program.  At  this 
time,  the  total  number  of  satellites  fo  be  built  and  launched  is  un¬ 
certain  but  probably  is  less  than  the  original  plans  for  sev  en  to  ten 
satellites.  The  first  launch  w  ill  occur  in  fhe  early  1990s. 

1.  A.  D.  Dayton  and  P.  C.  Jain.  "MILSATCOM  Architecture." 
IEEE  Transactions  on  Communications.  Vo).  28.  No.  9  (Sep¬ 
tember  1980). 

2.  F.  E.  Bond.  "Long  Range  MILSATCOM  Architecture."  IEEE 
Military  Communications  Conference  (October  1982). 

3.  J.  B.  Schultz.  "Milstar  to  Close  Dangerous  C-M  Gap."  Defense 
Electronics.  Vol.  15.  No.  3  (March  1983). 

4.  J.  B.  Schultz.  "Milstar  Progresses  Despite  High  Cost  and 
Technology  Risks."  Defense  Electronics.  Vol.  16.  No.  6  (June 
1984). 
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DEFENSE  SATELLITE  COMMUNICATIONS  SYSTEM 


The  primary  users  of  the  DSCS  1 1-22|  are  the  Worldwide  Mil¬ 
itary  Command  and  Control  System,  the  ground  mobile  forces. 
Navy  ships,  wideband  data  relay.  AUTOVON  and  AUTODIN. 
the  White  House  Communications  Agency,  the  Diplomatic  Tele¬ 
communications  System,  and  support  to  allied  nations.  In  addi¬ 
tion  to  the  satellites,  the  DSCS  includes  a  control  segment  and  a 
variety  of  ground  terminals. 

Several  types  of  ground  terminals  are  in  use.  Some  types  are 
being  developed  to  satisfy  the  increasing  diversity  of  users  in  the 
DSCS.  Airborne  and  shipborne  terminals  are  the  responsibility  of 
the  Air  Force  and  Navy,  respectively:  the  Army  is  responsible  for 
all  other  terminals.  By  the  end  of  the  1980s.  most  of  the  terminals 
were  the  truck-  and  trailer-mounted  transportable  types  with  8-ft 
antennas,  which  are  used  by  the  ground  mobile  forces. 

The  table  gives  basic  characteristics  of  several  common  land 
terminals.  The  capacity  of  each  link  varies  from  one  to  ninety-six 
voice  circuits,  or  may  be  a  combination  of  teletype  and  voice  cir¬ 
cuits  or  digital  data  at  rates  from  several  kilobits  per  second  to 
greater  than  10  Mbps.  At  present,  both  FDMA  and  spread  spec¬ 
trum  multiple  access  (SSMA)  are  used,  with  some  terminals  hav¬ 
ing  both  types  of  equipment. 

The  configuration  of  the  DSCS  network  is  growing  through 
the  years  and  within  any  year  may  vary  as  necessary  to  support 
the  users'  responses  to  world  events.  Each  of  the  live  operational 
satellites  and  spare  satellites  has  a  primary  and  alternative  net¬ 
work  control  station  located  at  major  nodes  such  as  Ft.  Detrick. 
Maryland.  The  live  operational  satellites  correspond  to  live 
DSCS  regions:  east  Atlantic,  west  Atlantic.  Indian  Ocean,  east  Pa¬ 
cific.  and  west  Pacific.  The  change  from  a  four-  to  five-region 
system  occurred  in  the  mid-1980s.  There  is  considerable  overlap 
between  the  areas  served  by  adjacent  satellites. 

The  DSCS  control  segment  must  allocate  satellite  capacity  to 
best  serve  user  requirements.  Control  segment  computer  algo¬ 
rithms  prov  ide  an  allocation  process  that  makes  use  of  the  consid¬ 
erable  flexibility  of  the  DSCS  III  satellites.  This  flexibility 
includes  the  antenna  patterns  and  connectiv  ities  and  thus  also  in¬ 
volves  variable  EIRP  and  C5/T.  The  control  segment  optimizes 
ihe  network  configuration  for  both  FDMA  and  SSMA  operations, 
responds  to  jammers,  generates  command  sets  to  configure  the 
satellite,  and  processes  telemetry  from  the  satellites. 
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Table  I.  Example  DSCS  Ground  Terminals 


PARAMETER 

DESIGNATION 

FSC-78 

GSC-39 

TSC-100A 

TSC-94A 

Type 

Large, 
fixed  site 

Medium, 
fixed  site 

Transportable,3 

nodal 

Transportable,8 

non-nodal 

Antenna  dia.  (ft) 

60 

38 

8  or  20 

8 

Maximum  number 
of  carriers 
(transmit/receive) 

9/15 

9/15 

4/4 

1/1 

Transmitter 
power  (W) 

5000 

5000 

1000 

500 

EIRP  (dBW) 

94 

89 

70  or  77 

67 

G/T  (dB/K) 

39 

34 

18  or  26 

18 

8  Can  be  set  up  or  taken  down  by  four  men  in  30  minutes  (8-ft  antenna). 
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SOVIET  UNION  SATELLITES 


The  communication  satellites  built  and  launched  by  the  Soviet 
Union  are  described  here  1 1  -3 1.  The  most  well  known  are  the 
Molniya  satellites,  of  which  more  than  100  have  been  launched 
since  1465.  These  satellites  use  a  high-inclination  elliptical  orbit 
well  suited  to  providing  coverage  of  the  Soviet  land  mass.  In 
1475.  the  Soviet  Union  began  launching  communication  satellites 
into  synchronous  orbit.  Several  types  exist,  and  others,  although 
announced,  have  yet  to  be  launched.  The  Soviet  Union  has  also 
launched  radio  amateur  communication  satellites,  which  are  de¬ 
scribed  later. 


1.  Congressional  Research  Serv  ice.  Soviet  Space  Program\. 
1966-1970.  U  S.  Senate  Committee  Print.  U  S.  Government 
Printing  Office.  Washington.  D.C.  ( 1471 ). 

2.  Congressional  Research  Serv  ice.  Soviet  Spin  e  Programs. 
1971-1975.  U.S.  Senate  Committee  Print.  Volume  I.  U  S. 
Government  Printing  Office.  Washington.  D  C.  ( 147b). 

3.  Congressional  Research  Service.  Soviet  Spat  e  Programs. 
1976- 1 9S0  (With  Supplementary  Data  Through  I9SS).  Part 
J:  Unmanned  Spare  Activities.  U.S.  Senate  Committee  Print 
48-235.  Part  3.  U.S.  Government  Printing  Office.  Washington. 
D.C.  (1485). 


much  as  4  hr  during  one  orbit,  and  about  15  hr  total  per  day.  The 
inclination  (62-65  deg)  permits  good  visibility  to  all  Soviet 
ground  stations  and  provides  coverage  of  the  polar  areas,  which  is 
not  possible  from  a  synchronous  equatorial  orbit.  The  high-incli¬ 
nation  orbit  is  easy  to  achieve  from  the  high-latitude  Sov  iet 
launch  sites  (46  and  63  N).  whereas  significantly  more  energy  is 
required  for  an  equatorial  orbit. 


The  Molniya  satellites  relax  signals  between  ground  stations 
of  the  Orbita  network.  Stations  that  use  the  frequencies  associat¬ 
ed  with  the  Molniya  2  and  3  satellites  are  designated  Orbita  2. 
Orbita  ground  stations  use  antennas  that  arc  about  40  ft  in  diame¬ 
ter.  Apparently,  some  functions  of  the  Orbita  network  have  been 
transferred  to  the  Statsionar  satellites  in  recent  wars. 


Table  1.  Mohaxa  Satellites 


SATELLITE 

SERIES 

LAUNCH  DATE 

DECAY  DATE 

1 

2 

3 

1 

i 

l 

23  April  1965 

16  August  1979 

2 

13  October  1965 

17  March  1967 

3 

25  April  1966 

11  June  1973 

4 

20  October  1966 

11  September  1968 

5 

24  May  1967 

26  November  1971 

6 

3  October  1967 

4  March  1969 

7 

22  October  1967 

31  December  1969 

8 

21  April  1968 

29  January  1974 

9 

6  July  1968 

15  May  1971 

10 

5  October  1968 

16  July  1976 

11 

11  April  1969 

17  April  1974 

12 

, 

22  July  1969 

18  June  1971 

13 

19  February  1970 

29  September  1975 

14 

| 

26  June  1970 

16  February  1976 

15 

l 

29  September  1970 

20  March  1976 

16 

27  November  1970 

25  November  1975 

17 

25  December  1970 

22  December  1975 

18 

28  July  1971 

19  July  1977 

1 

24  November  1971 

10  May  1976 

19 

19  December  1971 

13  April  1977 

20 

4  April  1972 

30  January  1974 

2 

19  May  1972 

22  March  1977 

3 

30  September  1972 

12  January  1978 

21 

14  October  1972 

1  November  1977 

22 

2  December  1972 

11  February  1976 

4 

12  December  1972 

22  January  1975 

23 

3  February  1973 

23  October  1977 

5 

5  April  1973 

6  January  1979 

6 

11  July  1973 

5  August  1978 

24 

30  August  1973 

5  December  1979 

7 

19  October  1973 

8  July  1983 

25 

! 

14  November  1973 

26  May  1979 

26 

30  November  1973 

9  June  1985 

8 

25  December  1973 

24  November  1984 

27 

20  April  1974 

17  November  1983 

9 

26  April  1974 

10 

23  July  1974 

28 

24  October  1974 

29  December  1985 

1 

21  November  1974 

15  May  1986 

11 

21  December  1974 

7  July  1988 

12 

6  February  1975 

4  July  1985 

2 

14  April  1975 

29  November  1988 

29 

29  April  1975 

| 

30 

5  June  1975 

12  August  1987 

13 

8  July  1975 

j 

31 

2  September  1975 

19  November  1986 

14 

9  September  1975 

3 

14  November  1975 

15 

17  December  1975 

4 

27  December  1975 

12  August  1986 

32 

22  January  1976 

! 

33 

11  March  1976 

34 

i 

19  March  1976 

14  May  1985 

5 

12  May  1976 

35 

i 

23  July  1976 

29  May  1987 

16  1 

2  December  1976 

6 

28  December  1976 

j 

17  ! 

11  February  1977 

j 

36 

1 

24  March  1977 

i 

7 

28  April  1977 

37 

24  June  1977 

i 

38 

30  August  1977 

i 

; 

8 

28  October  1977 

i 

9 

24  January  1978 

5  December  1989 

39 

2  March  1978 

i 

40 

2  June  1978 

41 

14  July  1978 

j 

42 

23  August  1978 

10 

13  October  1978 

11 

_ 

18  January  1979 

SATELLITE 

SERIES 

1 

2 

3  1 

43 

! 

12  i 

44 

45 

46 

47 

13 

!  48 

1 

14 

49 

15 

16 

50 

17 

51 

52 

53 

18 

I  54 

!  55 

j 

19 

20 

56 

57 

1 

58 

1 

21 

59 

22 

60 

61 

62 

63 

l 

23 

| 

24 

i 

25 

1  64 

| 

26 

65 

66 

27 

28 

29 

67 

68 

30 

69 

70 

' 

31 

71 

j  72 

1 

i 

32  j 

73 

33 

34 

74 

75 

35 

76 

36 

37 

:  77 

38 

78 

1 

39 

79 

80 

40 

81 

82 

41 

LAUNCH  DATE 


12  April  1979 
5  June  1979 
31  July  1979 
21  October  1979 
11  January  1980 
21  June  1980 

18  July  1980 

16  November  1980 
9  January  1981 

30  January  1981 

24  March  1981 
9  June  1981 

25  June  1981 

17  October  1981 
17  November  1981 

23  December  1981 

26  February  1982 

24  March  1982 

28  May  1982 
21  July  1982 

27  August  1982 
11  March  1983 
16  March  1983 

2  April  1983 

19  July  1983 

31  August  1983 

23  November  1983 

21  December  1983 
16  March  1984 

10  August  1984 

24  August  1984 

14  December  1984 

16  January  1985 

29  May  1985 

17  July  1985 

22  August  1985 

3  October  1985 

23  Octobei  1985 

28  October  1985 

24  December  1985 

18  April  1986 

19  June  1986 
31  July  1986 

5  September  1986 

21  October  1986 

15  November  1986 
26  December  1986 

22  January  1987 

11  March  1988 

17  March  1988 

26  May  1988 

12  August  1988 

29  September  1988 

27  December  1988 

28  December  1988 
15  February  1989 

8  June  1989 

27  September  1989 

28  November  1989 

23  January  1990 
26  April  1990 

13  June  1990 
10  August  1990 

20  September  1990 
23  November  1990 

14  February  1991 

21  March  1991 

18  June  1991 

1  August  1991 
17  September  1991 


DECAY  DATE 


9  December  1989 


t 
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Molniya  I 

The  Molniya  I  series  of  satellites  has  been  in  use  since  1  965 . 
These  were  the  first  communication  satellites  developed  by  the 
Soviets:  the  o  ily  thing  known  about  their  development  is  that 
Cosmos  41  was  flown  as  a  test  vehicle  in  1964.  This  association 
was  determined  after  the  Molniya  satellites  began  to  be  launched 
into  the  same  orbit  as  Cosmos  41:  the  Soviets  did  not  admit  the 
relationship  until  five  years  after  Cosmos  41  was  launched. 

The  Molniya  I  satellites  use  three-axis  stabilization.  Both  so¬ 
lar  panels  and  antennas  are  deployed  after  launch.  The  gimhaled 
antennas  are  pointed  at  the  earth  while  the  whole  satellite  body  is 
rotated  to  orient  the  solar  array  toward  the  sun. 

The  Molniya  1  communications  subsystem  can  relay  either  a 
single  television  signal  or  duplex  narrowband  (e.g..  telephone  or 
telegraph)  transmissions.  About  40  W  output  power  is  used  for 
transmission  of  a  television  signal:  with  narrowband  operation, 
each  of  the  two  signals  has  an  output  power  of  about  14  W.  The 
Molniya  1  design  has  probably  been  modified  several  times  over 
the  past  20  years.  However,  many  details  of  the  satellites  never 
have  been  described,  so  it  is  impossible  to  determine  how  much 
the  design  has  changed. 

The  first  Molniya  I  was  launched  in  April  1965.  During  its 
first  day  in  orbit,  television  signals  were  exchanged  between 
Moscow  and  Vladivostok.  In  1966.  the  first  increment  of  stations 
in  the  Orbita  ground  network  became  operational.  These  stations 
can  receive  television  signals,  and  both  receive  and  transmit 
voice,  data,  and  facsimile  signals.  Moscow  and  Vladivostok  are 
the  two  primary  stations  and  are  the  only  ones  to  transmit  televi¬ 
sion. 

The  original  Molniya  1  constellation  had  three  active  satel¬ 
lites:  it  soon  grew  to  four.  In  the  1970s.  the  constellation  grew  to 
eight  active  satellites. 

The  eight  are  in  two  groups  of  four:  each  group  s  orbits  have  a 
common  ground  track,  w  ith  the  satellites  spaced  six  hours  apart 
along  the  ground  track.  The  apogees  of  the  two  groups'  ground 
tracks  are  separated  by  90  deg  of  longitude. 

In  the  1970s.  some  traffic  was  transferred  to  the  Molniya  2  sat¬ 
ellites.  then  to  Molniya  3  and  Gori/ont  satellites.  It  is  now  as¬ 
sumed  that  all  civil  traffic  is  on  these  newer  satellites  and  that 
Molniya  Is  are  used  only  for  military  and  government  communi¬ 
cations. 

Molniya  2 

The  Molniya  2  satellites  evolved  from  the  Molniya  I  satellite: 
the  first  launch  w  as  in  November  197 1 .  The  major  change  w  as  the 
communication  frequencies,  which  were  in  the  5.7-  to  6.2-GHz 
band  for  reception  and  the  3.4-  to  3.9-GHz  band  for  transmission. 
Molniya  I  satellites  use  0.8  to  1 .0  GHz  for  both  transmission  and 
reception.  Besides  the  frequency  change,  it  seems  that  Molniya  2 
had  a  greater  communication  capacity  than  Molniya  1.  Some,  or 
all.  of  the  Molniya  2  satellites  used  horn  antennas  rather  than  the 
parabolic  reflectors  used  on  Molniya  I  satellites.  In  both  cases, 
the  antenna  pattern  was  approximately  earth  coverage  (approxi¬ 
mately  20-deg  beamwidth)  when  the  satellite  was  near  apogee. 
The  only  obvious  change  in  support  subsystems  was  additional 

Notes 

a  Early  Molmyas  are  sometimes  designated  IB.  !C.  and  so  forth,  rather 
than  1-2.  1-3.  and  so  forth. 

b.  Cosmos  41.  launched  in  August  1974,  was  a  Molnia  prototype, 
c  A  discussion  of  the  orbita'  decay  of  Molnia  satellites  may  be  found  in 
Reference  7 

d  Launch  failures  are  not  identified  by  the  Soviet  Union. 


sections  on  the  Molniya  2  solar  array.  The  last  Molniya  2  launch 
was  in  February  1977:  these  satellites  have  been  replaced  by  the 
Molniya  3  satellites. 

Molniya  3 

The  first  Molniya  3  satellite  was  launched  in  November  1974. 
The  basic  characteristics  of  the  Molniya  2  and  Molniya  3  series 
seem  to  be  the  same,  and  no  explanation  has  been  given  for  the 
change  in  name.  Each  satellite  has  three  or  four  transponders  in 
the  same  frequency  bands  used  by  Molniya  2.  Transmitter  pow¬ 
ers  per  transponder  have  been  reported  as  being  20.  40.  or  80  W. 
The  Molniya  3  satellites  were  launched  to  establish  a  four-satel¬ 
lite  constellation,  w  hich  grew  to  an  eight-satellite  constellation  in 
the  early  1980s.  The  satellites  handle  telephone  and  telev  ision 
traffic  w  ithin  the  Soviet  Union  and  between  the  Soviet  Union  and 
other  countries,  although  the  majority  of  international  traffic  is 
probably  on  the  Gorizont  satellites. 
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/<(/>/<•  /.  Siut\ioiuir  Satellite* 


NAME 

DATE 

LONGITUDE 

Raduga 

1 

22  December  1975 

a 

Raduga 

2 

11  September  1976 

a 

Ekran 

1 

27  October  1976 

a 

Raduga 

3 

24  July  1977 

a 

Ekran 

2 

20  September  1977 

a 

Raduga 

4 

18  July  1978 

a 

Gorizont 

1 

19  December  1978 

a 

Ekran 

3 

21  February  1979 

a 

Raduga 

5 

25  April  1979 

a 

Gorizont 

2 

5  July  1979 

a 

Ekran 

4 

3  October  1979 

a 

Gorizont 

3 

28  December  1979 

a 

Raduga 

6 

20  February  1980 

a 

Gorizont 

4 

14  June  1980 

a 

Ekran 

5 

14  July  1980 

a 

Raduga 

7 

5  October  1980 

a 

Ekran 

6 

26  December  1980 

a 

Raduga 

8 

18  March  1980 

a 

Ekran 

7 

26  June  1981 

a 

Raduga 

9 

21  July  1981 

a 

Raduga 

10 

9  October  1981 

69°  Eb 

Ekran 

8 

5  February  1982 

a 

Gorizont 

5 

15  March  1982 

a 

Ekran 

9 

16  September  1982 

a 

Gorizont 

6 

20  October  1982 

31°  Wb 

Raduga 

11 

26  November  1982 

a 

Ekran 

10 

12  March  1983 

a 

Raduga 

12 

8  April  1983 

72°  Eb 

Gorizont 

7 

30  June  1983 

a 

Raduga 

13 

26  August  1983 

a 

Ekran 

11 

30  September  1983 

a 

Gorizont 

8 

30  November  1983 

a 

Raduga 

14 

15  February  1984 

75°  Eb 

Ekran 

12 

16  March  1984 

a 

Gorizont 

9 

22  April  1984 

54°  Eb 

Raduga 

15 

22  June  1984 

a 

Gorizont 

10 

1  August  1984 

a 

Ekran 

13 

24  August  1984 

a 

Gorizont 

11 

18  January  1985 

11°  w 

Ekran 

14 

22  March  1985 

a 

Raduga 

16 

8  August  1985 

34°  Wb 

Raduga 

17 

15  November  1985 

85°  Eb 

Raduga 

18 

17  January  1986 

170°  W 

Ekran 

15 

24  May  1986 

a 

Gorizont 

12 

10  June  1986 

44°  Eb 

Raduga 

19 

25  October  1986 

44°  E 

Gorizont 

13 

18  November  1986 

90°  E 

Raduga 

20 

19  March  1987 

85°  E 

Gorizont 

14 

11  May  1987 

UJ 

o 

CO 

o 

Ekran 

16 

4  September  1987 

a 

Raduga 

21 

10  December  1987 

128°  E 

Ekran 

17 

27  December  1987 

99°  E 

Gorizont 

15 

31  March  1988 

14°  W 

Ekran 

18 

6  May  1988 

a 

Gorizont 

16 

18  August  1988 

80°  E 

Raduga 

22 

20  October  1988 

35°  E 

Ekran 

19 

8  December  1988 

99°  E 

Gorizont 

17 

26  January  1989 

53°  E 

Raduga 

23 

14  April  1989 

26°  W 

Raduga 

1-1° 

21  June  1989 

49°  E 

Gorizont 

18 

5  July  1989 

140°  E 

Gorizont 

19 

28  September  1989 

96°  E 

Raduga 

24 

15  December  1989 

45°  E 

Raduga 

25 

15  February  1990 

70°  E 

Gorizont 

20 

20  June  1990 

14°  W 

Gorizont 

21 

3  November  1990 

90°  E 

Gorizont 

22 

23  November  1990 

40°  E 

Raduga 

26 

20  December  1990 

85°  E 

Raduga 

1-2° 

27  December  1990 

49°  E 

Gorizont 

23 

1  July  1991 

aSatellite  has  been  moved  above  synchronous  orbit,  or  has  failed 
and  is  drifting. 

‘’Satellite  probably  no  longer  working. 

cThe  significance  of  this  designation  has  not  been  announced. 


The  liuersputnik  network  lor  international  communications 
started  w  iih  the  use  of  Molniyu  satellites  but  now  uses  Statsionar 
satellites.  The  Intersputnik  network  and  organization  includes 
most  east  European  and  Asian  nations  plus  a  few  others  with 
close  ties  to  the  Soviet  Union,  such  as  Cuba.  The  ground  stations 
are  similar  to  those  of  the  Orhita  network. 

Raduga 

The  first  Raduga  (Rainbow)  was  launched  in  December  1  J75 
and  identified  as  being  the  same  as  the  previously  announced 
Statsionar  I.  The  Soviet  Union  announced  that  the  Raduga  satel¬ 
lites  are  three-axis-stahili/ed  and  have  sun-tracking  solar  arrays. 
Other  details  of  their  design  are  unknow  n  but  might  be  similar  to 
the  Molniya  3  design.  The  estimated  capacity  of  a  Raduga  is 
about  one  television  signal  and  up  to  one  thousand  duplex  voice 
circuits,  w  hen  used  with  30-  to  40-ft-diameter  earth  station  anten¬ 
nas.  No  photos  or  models  of  a  Raduga  have  been  display  ed  by 
the  Soviet  Union.  The  inference  is  that  these  satellites  primarily 
or  wholly  serve  the  military.  This  inference  is  strengthened  by  re¬ 
ports  that,  in  addition  to  6/4-GHz  transponders,  the  Radugas  have 
an  8/7-GHz  transponder.  This  latter  band  is  used  only  for  military 
satellite  communications  in  the  western  world  and  is  associated 
with  the  Gals  system  which  the  Soviet  Union  announced  to  be  for 
government  and  military  use. 

Ekrart 

The  function  of  the  Ekran  (Screen),  or  Statsionar  T.  satellites  is 
to  broadcast  television  to  si  .  'I  communities  in  the  northern  and 
Asian  regions  of  the  Sovic  Union.  The  Ekran  transmitter  pro¬ 
vides  a  2(H)- W  output  at  714  MHz  for  a  single-frequency  modu¬ 
lated  signal:  newer  satellites  may  have  a  second  200-W 
transmitter  at  754  MHz.  The  antenna  gain  from  the  96-element 
array  of  helices  is  33.5  dB  peak  and  26  dB  at  the  edge  of  the  ser¬ 
vice  area.  Typically,  two  operational  Ekratis  are  in  orbit. 

Gorizont 

In  December  1978.  the  Sov  iet  Union  launched  the  first  Gori¬ 
zont  (Horizon)  satellite.  Its  stated  function  was  television  relay. 
The  satellite  was  not  identified  in  relation  to  the  Statsionar  system 
until  the  third  launch,  which  was  identified  as  Statsionar  5.  The 
first  Gorizont  had  an  elliptical.  1 1-deg  inclination  orbit  w  ith  a  24- 
hr  period,  attributed  to  a  launch  vehicle  malfunction,  but  subse¬ 
quent  satellites  had  typical  synchronous  equatorial  orbits.  How 
ever,  the  satellite  inclination  is  not  controlled  as  tightly  as  those  of 
western  satellites. 

A  Gorizont  satellite  displayed  at  the  1979  Paris  Aii  Show  re¬ 
veals  a  three-axis-stabilized  satellite  (see  illustration)  whose  body 
shape  is  very  similar  to  that  of  Ekran.  The  satellite  has  both  de¬ 
ployed  solar  arrays,  of  a  somewhat  different  configuration  than 
Ekran.  plus  some  body-mounted  solar  cells.  The  satellite  has  sev¬ 
eral  parabolic  reflectors  and  several  horn  antennas.  The  horn  an¬ 
tennas  probably  have  an  earth  coverage  pattern,  the  reflectors  a 
narrower  beam. 

The  basic  Gorizont  satellite  apparently  has  six  transponders  in 
the  6-GHz  uplink  and  4-GHz  downlink  bands  used  extensively  by 
other  communications  satellites.  The  transmitter  power  per  tran¬ 
sponder  is  similar  to  that  of  Molniya.  w  ith  a  maximum  of  40  W. 
Some  Gorizont  satellites  are  reported  to  have  other  transponders 
with  I4-GHz  uplinks  and  1 1 -GHz  downlinks,  and  with  uplinks 
and  downlinks  in  the  1.5-  to  1. 6-GHz  band.  The  latter  band  is 
probably  associated  with  a  group  of  four  helix  antennas  seen  on 
some  Gorizont  displays.  The  14/1  l-GHz  and  1 .5/1. 6-GHz  tran¬ 
sponders  apparently  are  associated  with  the  Euch  and  Volna  sys¬ 
tems,  respectively. 
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GALS,  VOLNA,  AND  LUCH 


In  1977.  the  Soviet  Union  announced  plans  for  three  new  com¬ 
munication  systems  using  satellites  in  synchronous  orbit:  Gals. 
Volna,  and  Lueh  (or  Louteh)  1 1-4|.  A  few  additional  Gals  and 
Volna  satellites  were  announced  in  subsequent  years.  Frequency 
bands  and  orbital  longitudes  for  these  satellites  are  given  in  Table 

1 .  Additional  Statsionar  orbital  positions  have  been  announced  to 
encompass  the  orbital  longitudes  that  do  not  correspond  to  the 
Statsionar  I  to  10  series.  The  coincidences  of  different  systems  at 
various  longitudes  suggested  multiple  payloads  on  a  single  space¬ 
craft.  Cosmos  1738.  a  synchronous  orbit  satellite  launched  in 
April  1986.  may  be  related  to  these  systems. 

Gals  (Tack)  is  a  system  intended  for  government  service.  It 
uses  the  7.25-  to  7.75-GH/  and  7.9-  to  8.4-GHz  bands.  Gals  sat¬ 
ellites  are  described  by  the  Soviet  Union  as  having  ten  narrow- 
band  channels,  w  ith  three  or  four  receivers  and  transmitters. 
Antenna  patterns  include  earth  coverage.  Northern  Hemisphere, 
and  a  spot  beam  w  ith  about  5-deg  beamu  idth.  A  few  reports  have 
mentioned  7/8-GH/  equipment  on  Raduga  satellites,  which  prob¬ 
ably  are  related  to  the  Gals  system. 


Table  I .  Me vr  Synchronous  Satellites 


NAME 

FREQUENCY  BAND' 

LONGITUDE 

Volna  1 

UHF  and  L 

25°W 

Gals  1 

X 

25°W 

Luch  PI 

11/14  GHz 

25°W 

Volna  2 

L 

14°W 

Luch  1 

11/14  GHz 

14°W 

Gals  6 

X 

35°  E 

Volna  3 

UHF  and  L 

45°  E 

Gals  2 

X 

45°  E 

Luch  P2 

11/14  GHz 

45°  E 

Volna  4 

L 

53°  E 

Luch  2 

11/14  GHz 

53°  E 

Volna  5 

UHF  and  L 

85°  E 

Gals  3 

X 

85°  E 

Luch  P3 

11/14  GHz 

85°  E 

Luch  3 

11/14  GHz 

90°  E 

Volna  8 

L 

90°  E 

Gals  5 

X 

130°E 

Volna  6 

L 

140°E 

Luch  4 

11/14  GHz 

140°E 

Volna  7 

UHF  and  L 

170°W 

Gals  4 

X 

170°W 

Luch  P4 

11/14  GHz 

170°W 

3  UHF  =  240  to  400  MHz.  L-band  =  1540  to  1650  MHz,  X-band  =  7.25 
to  8.4  GHz 


Volna  (Wave)  is  a  system  for  mobile  communications  and  will 
be  used  only  by  the  Sov  iet  Union.  All  the  satellites  have  L-band 
equipment  with  two  channels,  one  for  aeronautical  serv  ice  and 
one  for  maritime  service.  The  uplink  frequencies  will  be  near 
1650  MHz.  the  downlink  near  1540  MHz:  both  will  use  earth 
coverage  antenna  patterns. 

The  odd-numbered  Volnas  have  the  UHF  payload  which  uses 
the  same  frequency  band  associated  with  Western  military  com¬ 
munications  satellites.  The  uplinks  use  335  to  400  MHz.  the 
downlinks  240  to  328  MHz.  These  Volnas  have  announced  longi¬ 
tudes  similar  or  identical  to  actual  Raduga  longitudes.  The  con¬ 
clusion  is  that  Raduga  is  the  basic  designation  for  synchronous 
orbit  military/government  communications  satellites,  and  that 
each  particular  application  corresponds  to  a  frequency  band  and  a 
payload  on  the  Raduga  satellites.  A  similar  correspondence  exists 
between  the  announced  longitudes  for  the  even-numbered  Volnas 
and  the  actual  Gori/ont  longitudes,  suggesting  that  Gori/ont  is 
the  overall  spacecraft  name  for  civilian  synchronous  orbit  com¬ 
munication  satellites.  Morya  (seaman)  is  another  name  applied  to 
satellites  for  maritime  communications,  but  its  relation  to  Volna  is 
unknown. 

The  Luch  (Beam  or  Ray)  system  is  intended  for  commercial 
communications,  both  domestic  and  international.  These  satel¬ 
lites  use  the  11-  and  14-GHz  bands.  The  Luch  system  is  supposed 
to  consist  of  four  satellites.  However,  these  may  turn  out  to  be 
payloads  on  four  Goriz.onts.  The  first  Luch  payload  w  as  launched 
in  March  1982  on  Gori/ont  5.  It  was  used  in  a  program  of  com¬ 
munications  and  propagation  experiments  conducted  by  the  Sovi¬ 
et  Union  and  several  eastern  European  nations.  Another  group  of 
four  satellites  is  called  Luch  P.  The  meaning  of  the  P  is  unknow  n. 
However,  the  general  understanding  of  Luch  P  is  that  it  uses  the 
same  communications  equipment  as  Luch.  hence  the  common 
name,  but  that  it  is  for  government  and  military  use.  This  latter 
conclusion  is  based  on  the  fact  that  its  longitudes  coincide  with 
those  of  Raduga  satellites.  It  is  likely  that  Luch  P  will  exist  as 
pay  loads  on  the  Radugas  and  not  as  distinct  satellites. 
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3.  Aviation  Week  &  Space  Technology  (14  November  1977). 
p.  20:  (21  November  1977).  p.  19;  (5  November  1979).  p.  23: 
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SATELLITE  DATA  RELAY  NETWORK 


in  1981.  the  Soviet  Union  announced  plans  fora  Satellite  Data 
Relay  Network  (SDRN)  1 1-3)  similar  in  concept  to  the  United 
States  Tracking  and  Data  Relay  Satellite  System.  The  network 
uses  three  satellites,  designated  east,  central,  and  west  (as  seen 
from  the  Soviet  Union).  Frequencies  for  the  network  are  between 


1 1  and  15  GHz.  In  1986.  the  Sov  iets  announced  that  a  ground 
control  center  was  communicating  with  the  low-altitude  Mir 
space  station  through  this  network,  using  Cosmos  1700  as  the  re¬ 
lay  satellite.  The  next  satellite  in  the  series  probably  w  as  Cosmos 
1897.  Other  synchronous  orbit  satellites,  numbered  earlier  and 
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later  in  the  Cosmos  series,  also  might  he  part  of  a  data  relay  net¬ 
work.  It  is  not  elear  whether  SDRN  refers  to  all.  or  only  to  a  part, 
of  the  Soviet  Union's  data  relay  satellites.  Potok  (Stream)  is  a 
name  sometimes  assoeiated  w  ith  data  relay  satellites,  hut  its 
seope  is  uncertain. 


1.  P.  S.  Clark.  "The  Soviet  Space  Year  of  19X4. "  Journal  t>)  the 
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19X7).  p.  17. 

3.  N.  L.  Johnson.  "Soviets  Expand  Use  of  GEO."  Satellite  Com- 
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CANADIAN  AND  UNITED  STATES  SATELLITES 


Outside  of  the  Sox  iet  Union,  the  lirst  domestic  (one-country ) 
communication  satellite  system  xxas  that  of  Canada,  w  hich  began 
operating  in  1  *•) 7 3  and  has  evolved  through  several  generations  of 
satellites.  The  tirst  United  States  domestic  communication  satel¬ 
lite  (often  called  domsat)  system  began  operating  in  1 074.  Since 
then,  several  other  systems  have  been  established,  and  a  consider¬ 
able  industry  of  supplies  and  serv  ices  has  been  created  around 
them.  Thus,  the  United  States  domsat  marketplace  is  character¬ 
ized  by  diversity  and  competition  in  many  aspects.  Hconomics  is 
certainly  the  driv  ing  force  in  the  United  States  domsat  market.  In 


contrast,  although  economics  is  of  concern  in  Canada,  a  predom¬ 
inant  force  is  that  there  is  no  other  practical  communications  me¬ 
dium  available  for  much  of  Canada. 

The  Canadian  and  United  States  donisats  are  described  here  as 
well  as  the  United  States  Marisat  satellite  and  the  Tracking  anil 
Data  Relay  Satellite  System.  The  joint  Canadian  and  United 
States  development  of  a  system  to  serve  land-mobile  users  also  is 
described,  f  inally,  the  continuing  efforts  toward  high-power  do¬ 
mestic  television  broadcast  satellites  are  reviewed. 


CANADA 


In  1969.  the  Canadian  government  established  the  Telesat 
Canada  Corporation.  Telesat  is  intended  to  provide  domestic 
communication  serv  ices  using  satellites  1 1  -S j .  Canada  has  excel¬ 
lent  microwave  communication  facilities,  but  they  are  concentrat¬ 
ed  primarily  in  the  heavily  populated  region  along  the  Canadian- 
United  States  border.  In  the  more  northerly  regions  of  Canada, 
there  are  hundreds  of  smaller  towns  and  outposts  not  served  by 
microwav  e.  Their  contact  with  each  other  and  with  the  commer¬ 
cial  and  governmental  centers  in  the  south  depended  on  radio¬ 
telephone  and  aircraft  services.  The  radio  communication  facili¬ 
ties  had  been  difficult  to  provide  and  unreliable.  The  Telesat  sys¬ 
tem  now  prov  ides  television  and  telephone  service  to  many  of 
these  remote  places  as  well  as  supplementing  terrestrial  systems 
for  high-density  traffic  links  and  television  distribution  in  south¬ 
ern  Canada. 

The  Telesat  system  began  operations  at  the  beginning  of  1973 
following  the  launch  of  the  lirst  Anik  satellite.  (Anik  is  the  Hski- 
mo  word  for  brother.)  As  plans  developed  for  newer  satellites,  the 
lirst  three  satellites  were  designated  the  Anik  A  series.  The  satel¬ 
lites  prov  ided  all  types  of  communication  services  throughout 
Canada.  A  single  Anik  B  satellite  supplemented  the  A  series  and 
prov  ided  additional  experimental  channels.  The  Anik  D  series  has 
replaced  the  A  satellites.  P'e  Anik  C  satellites  also  are  in  use  but 
have  a  different  function  — to  augment  terrestrial  communica¬ 
tions  on  high  traffic  density  paths,  and  to  use  the  12-  and  14-GHz 
lrei|tiencies  for  service  to  terminals  in  urban  areas,  where  the  4- 
and  6-CiH/  bands,  used  in  Anik  D.  are  unacceptable  because  of 


iiiteilerence  from  other  uses  of  the  band.  Development  of  the 
Anik  t:  satellites  began  at  the  end  of  1986.  They  are  dual-frequen¬ 
cy  band  replacements  for  both  Anik  C  and  D  satellites. 
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Anik  A 


The  Anik  A  satellites  1 1  -16|  were  spin-stabilized  with  a  single 
despun  communications  antenna.  All  equipment  were  mounted 
within  the  spinning  body.  The  antenna  was  a  5-ft-diameter  frame¬ 
work.  to  which  was  attached  a  lightweight  mesh  that  was  optical¬ 
ly  transparent  but  reflective  at  the  communication  frequencies.  A 
multiple-element  feed  horn  illuminated  the  reflector  so  that  the 
antenna  beam  was  shaped  to  match  the  Canadian  land  mass. 

The  Anik  A  communication  subsystem  had  twelve  channels 
and  was  derived  from  the  Intelsat  IV  communication  subsystem. 
It  had  redundant  receivers  common  to  all  channels  and  a  single  5- 
W  TWT  for  each  channel.  Hnch  channel  could  handle  one  televi¬ 
sion  signal  or  as  many  as  960  one-way  telephone  circuits.  Lnough 
prime  power  was  available  to  operate  all  twelve  channels  initially 
and  up  to  ten  during  eclipse  and  later  in  the  orbital  life.  Although 


the  TW’Ts  are  not  redundant,  it  was  expected  that  ten  of  the  twelve 
would  still  be  operable  at  the  end  of  the  seven-year  design  life.  In 
practice,  approximately  seven  years  after  launch,  each  satellite 
had  six  TWT  failures,  which  were  defined  by  about  6  dB  loss  of 
gain.  The  satellite  and  the  communication  subsystem  details  are 
as  follows: 

Satellite 

Cylinder.  75-in.  dia..  67-in.  height  ( 139  in.  overall) 

655  lb  in  orbit,  beginning  of  life 

Solar  cells  and  NiCd  batteries.  330  \V  maximum  beginning  of 

life.  260  W  at  end  of  life 

Spin-stabilized.  100  rpm.  ±0.1  -deg  accuracy 


Solid  rocket  motor  for  apogee  maneuver,  hydrazine  propellant  for 
on-orhit  use 

Configuration 

Twelve  36-MHz  bandwidth  single-conversion  repeaters 

Capacity 

460  one-way  voice  circuits  or  one  TV  program  per  repeater 

Transmitter 

3702  to  4 1 78  MHz 
One  TWT  per  repeater 

5-W  output.  33-dBW  minimum  ERPper  repeater  over  all  of  Can¬ 
ada 

Receiver 

5427  to  6403  MHz 

Two  chains  (one  on.  one  standby  ),  each  with  tunnel  diode  ampli¬ 
fiers  and  a  low-level  TWT 
7.8-dB  noise  figure 

Antenna 

One  60-in. -dia.  offset-fed  parabola,  linear  polarization,  beam 
shaped  to  maximize  gain  over  Canadian  territory,  approximately 
3-  x  8-deg  beamw  idth.  beam  center  tilted  7.85  deg  north  of  equa¬ 
torial  plane 

Design  life 

Seven  years 

Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0.1°N-S  and  E-W 

Orbital  history 

I:  launched  4  November  1472.  in  use  until  1482.  moved  above 
synchronous  orbit 

2:  launched  20  April  1973.  in  use  until  1483.  moved  above  syn¬ 
chronous  orbit 

3:  launched  7  May  1975.  in  use  until  fall  1984.  moved  above  syn¬ 
chronous  orbit 

Delta  1914  launch  vehicle  (1.2);  Delta  2914  (3) 

Management 

Developed  by  Hughes  Aircraft  Company  forTelesat  Canada 
Operated  by  Telesat  Canada 

Anik  A I  was  launched  in  November  1972  and  became  opera¬ 
tional  in  January  1973.  Originally,  seven  or  eight  channels  were 
in  full-time  use.  with  other  channels  in  occasional  use.  Anik  A2 
was  launched  in  April  1973.  primarily  as  an  on-orbit  spare  for 
Anik  A I.  Some  channels  were  leased  to  United  States  communi¬ 
cations  companies  for  domestic  operations  prior  to  the  launching 
of  the  United  States  satellites.  Although  the  Anik  A  antenna  pat¬ 
tern  was  optimized  for  Canada,  the  channel  capacity  between  two 
terminals  in  the  middle  or  northern  latitudes  of  the  United  Slates 
was  still  about  6 O'/r  of  the  capacity  achiev  able  between  Canadian 
terminals. 

Anik  A3  was  launched  in  1975  and  soon  became  the  primary 
operational  satellite  replacing  Anik  Al.  The  Anik  A I  and  A2  sat¬ 
ellites  provided  redundancy  as  well  as  channels  for  occasional 
transmissions.  In  July  1979.  Anik  B  became  the  primary  opera¬ 
tional  satellite.  In  1980.  Anik  A2  was  moved  to  the  same  longi¬ 
tude  as  Anik  A3,  w  hich  maximized,  al  one  location,  the  number  of 
channels  available  for  spare  and  occasional  use.  (The  single  loca¬ 


tion  minimized  the  number  of  ground  terminal  antennas  re¬ 
quired.)  Between  1982  and  1985.  with  the  Anik  D  satellites 
coming  into  use.  the  Anik  A  satellites  were  turned  off  and  moved 
out  of  geosynchronous  orbit. 
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Anik  B 


Anik  B  1 1  - 1 3|  was  a  single  satellite  similar  in  design  to  the  Ra¬ 
dio  Corporation  of  America  (RCA)  United  States  domestic  satel¬ 
lites.  It  had  three-axis  stabilization  and  solar  arrays  that  deployed 
in  orbit.  Anik  B  had  two  communication  subsystems,  each  with 
its  own  antenna.  One.  which  used  4  and  6  GHz.  was  identical  to 
that  of  the  Anik  A  satellites,  except  that  the  TWT  power  had  been 
doubled,  increasing  the  ERP  by  3  dB.  and  the  gain-to-noise-lem- 
perature  ratio  (G/T)  had  been  increased  I  dB.  The  other  operated 
at  12  and  14  GHz  and  made  extensive  use  of  hardware  developed 
and  tested  in  the  C’TS  program.  It  had  six  channels,  four  TWTs. 
and  four  regional  transmitting  beams.  Together,  (he  four  beams 
covered  all  of  Canada.  A  number  of  switches  provided  flexibility 
in  assigning  channels  to  the  regions  and  minimizing  loss  of  cover¬ 


age  resulting  from  TWT  failures.  The  receiver  was  connected  to  a 
single  Canadian  coverage  beam. 

Anik  B  was  launched  in  December  1978.  In  July  1979.  traffic 
from  Anik  A3  was  transferred  to  the  4/6-GHz  subsystem.  Begin¬ 
ning  in  1983.  the  traffic  was  split  between  Anik  B  and  Anik  Dl. 
The  12/44-GHz  subsystem  was  leased  to  the  government's  De¬ 
partment  of  Communications.  It  w  as  used  to  continue  some  of  the 
experiments  started  with  CTS  and  to  provide  preoperational  ex¬ 
perience  for  Anik  C  services.  Anik  B  was  removed  from  service 
in  the  fall  of  1986.  The  satellite  details  are  as  follows: 

Satellite 

Rectangular  body  with  deployed  solar  arrays,  overall  span  376  in. 
(31.3  ft),  128-in.  height  (body  plus  antenna) 
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7" 


1016  lb  in  orbit,  beginning  of  life 

Sun-tracking  solar  array  and  NiCd  batteries.  840  W  beginning  of 
life.  635  W  minimum  after  seven  years 
Three-axis-stabilized.  0.25-deg  antenna  pointing  accuracy  (3c) 
Solid  rocket  motor  for  apogee  maneuver,  hydrazine  propellant  for 
on-orbit  use 


Configuration 

4/6  GHz:  twelve  36-MHz  bandwidth  single-conversion  repeaters 
12/14  GHz:  six  72-MHz  bandwidth  single-conversion  repeaters 

Transmitter 

4/6  GHz:  3702  to  4178  MHz.  one  10-W  TWT  per  repeater.  36- 


Anik  B  12/14-GHz  communication  subsystem. 


tlBW  minimum  ERP  per  repeater  over  all  of  Canada 

12/14  GH/:  1 1.7(H)  to  12.180  MHz,  four  20-W  TWTs.  46.5-dBW 

minimum  ERP  in  each  beam 


Design  life 

Seven  years 

Orbit 


Receiver 

4/6  GHz:  5927  to  6403  MHz.  G/T  >-6  dB/K 
12/14  GHz:  14,000  to  14.480  MHz.  G/T  >-l  dB/K 

Antenna 

4/6  GHz:  offset-fed  parabola,  approximately  3-  x  8-deg  beam 
shaped  to  match  Canadian  land  mass 

12/14  GHz:  offset-fed  parabola,  approximately  36  x  48  in.;  one 
receive  beam  shaped  to  match  Canada,  four  1 .8-  x  2.0-deg  trans¬ 
mit  beams  each  covering  25f/r  of  Canada,  minimum  measured 
gain  over  coverage  areas  35. 1  dB  (transmit)  and  29.4  dB  (receive) 


Synchronous  equatorial,  stationkeeping  to  ±0. 1°N-S  and  E-W 

Orbital  history 

Launched  15  December  1978.  operational  until  fall  1986.  moved 
above  synchronous  orbit 
Delta  3914  launch  vehicle 

Management 

Developed  for  Telesat  Canada  by  RCA  (spacecraft  and  integra¬ 
tion)  and  Spar  Technology,  Canada  (communication  subsystems) 
Operated  by  Telesat  Canada 
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Anik  C  1 1  -81  is  a  spin-stabilized  satellite  that  is  designed  for 
launch  by  either  a  Delta  vehicle  or  the  Space  Shuttle.  When  in  or¬ 
bit.  the  antenna  is  deployed  from  one  end  of  the  satellite,  and  a 
cylindrical  solar  panel  is  extended  at  the  opposite  end.  Within  this 
panel  is  the  cylindrical  body  of  the  satellite,  w  hich  is  also  covered 
w  ith  solar  cells  except  for  a  mirrored  band  that  is  a  thermal  radia¬ 
tor.  The  combination  of  the  two  arrays  provides  adequate  power 
for  the  mission  and  permits  a  compact  launch  configuration.  The 
two  panels  spin  together  in  orbit  as  a  rigid  body.  The  relative  po¬ 
sition  can  be  varied  slightly  by  ground  command  to  balance  the 
satellite  to  help  maximize  antenna  pointing  accuracy. 

The  communication  subsystem  has  16  repeaters  and  uses  the 
12-  and  14-GH/  bands.  Both  this  subsystem  and  the  antenna  are 
mounted  on  a  despun  platform  within  the  satellite  body.  Each  re¬ 
peater  has  a  single  TWT  and  the  satellite  has  four  spare  TWTs. 
The  TWTs  are  connected  in  a  ring  arrangement  so  that  the  spares 
are  available  to  all  channels.  The  repeaters  occupy  the  500-MHz 
allocation  twice  by  means  of  orthogonal  polarizations  for  both 
transmission  and  reception.  Each  repeater  has  a  bandwidth  of  54 
MHz.  selected  to  accommodate  90  Mbps  digital  telephone  trunks, 
yet  also  to  maximize  the  number  of  repeaters  for  maximum  flexi¬ 
bility  in  distribution  of  television.  The  antenna  is  composed  of 
two  surfaces,  eav  h  transparent  to  one  polarization  and  reflecting 
another.  These  surfaces  are  slightly  offset  from  each  other  to  al¬ 
low  separate  feed  networks  for  each  polarization. 

The  channels  may  be  connected  in  various  ways  to  the  four  re¬ 
gional  transmitting  beams.  There  is  a  single  receive  beam.  For 
both  reception  and  transmission,  the  beams  cover  only  the  south¬ 
ern  half  of  Canada,  inasmuch  as  Anik  C  is  used  to  interconnect 
only  the  urban  centers  of  Canada.  The  use  of  12  and  14  GHz  al¬ 
lows  the  ground  terminals  to  be  placed  inside  cities  without  inter¬ 
ference  between  the  satellite  system  and  terrestrial  microwave 
facilities.  Furthermore,  the  use  of  multiple  beams,  each  covering 
only  a  portion  of  Canada,  increases  the  effective  radiated  power 
of  the  satellite.  This  is  complementary  to  the  beams  of  Anik  A  and 
D.  which,  covering  all  of  Canada,  are  best  suited  to  distribution  of 
national  television  or  message  services  that  require  nationwide 
access.  In  typical  use.  the  Anik  Cs  will  have  one  90-Mbps  data 
stream  or  two  FM  television  signals  per  satellite  repeater. 

Development  began  in  April  1978.  and  Anik  C3  was  launched 
on  Shuttle  Flight  5  in  November  1982.  It  was  launched  first  be¬ 
cause  the  others  were  put  in  ground  storage,  awaiting  launch  ve¬ 
hicle  availability,  and  it  was  easier  to  launch  C3  than  to  store  it 
and  remove  another  from  storage.  The  second  satellite  was 
launched  in  June  1983  and  the  third  in  April  1985.  Satellites  C3 
and  C2  were  put  into  operation  after  initial  testing  in  orbit.  Traffic 
did  not  grow  as  much  as  expected  when  Anik  C  was  planned. 
Therefore.  Satellite  Cl  was  put  into  orbital  storage  and  offered 
for  sale.  A  purchase  agreement  was  made  in  1986  by  a  group  that 
planned  to  use  it  for  transpacific  services,  but  the  agreement  was 
cancelled  in  1987.  By  1989.  Telesat  began  to  use  the  satellite  in  a 


limited  way,  and  in  1990,  additional  traffic  was  transferred  to  it  in 
preparation  for  the  introduction  of  Anik  El.  The  satellite  details 
are  summarized  as  follows: 


Two  axis  beacon 
tracking  using 
communication 
antenna  and 
feed  system 

Mirrored 
drum  radiator 
(radial  heat 
rejection) 


Extendible 
solar  array 
(can  be  tilted 
for  in-orbit 
balancing) 


6/4  GHz  and 
14/12  GHz 
command  and 
telemetry 
omni 

Shared 

aperture 

communication 

antenna 


Antenna 
positioner 
mechanism  for 
north-south 
pointing  control 


TWT As  (20)  and 
batteries  (2) 
coupled  to 
drum  radiator 


Anik  C  satellite  details. 


Satellite 

Cylinder.  85-in.  dia..  253-in.  height  (2 1. 1  ft)  in  deployed  condi¬ 
tion 

1 250  lb  in  orbit,  beginning  of  life 
Solar  cells  and  NiCd  batteries.  800  W  end  of  life 
Spin-stabilized,  gyrostat,  antenna  beam  pointing  to  0.02  deg 
Solid  rocket  motor  for  apogee  maneuver,  hydrazine  propellant  for 
on-orbit  use 

Configuration 

Sixteen  54-MHz  bandwidth  repeaters,  dual-polarization  frequen¬ 
cy  reuse,  horizontal  polarization  channel  centers  13  MHz  higher 
than  vertical  polarization 
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Transmitter 

11.703  to  12.107  GH/ 

One  15-W  TWT  per  repeater  plus  four  spares  per  satellite 
48-dBW  ERP  per  repeater  using  one  antenna  beam.  3  dB  lower 
when  output  is  split  between  two  beams.  5.5-dB  backoff  when 
two  TV  transmissions  share  a  repeater 


Receiver 

14.003  to  14.497  GH/ 

Two  active  plus  three  spare  receivers 

+3  dB/K  G/T  over  95%  of  coverage,  otherw  ise  +2  dB/K 

Antenna 

One  72-in. -dia.  paraboloid,  dual  linear  polarizations  for  both  re¬ 
ceive  and  transmit,  one  receive  beam  approximately  1  x  8  deg. 
four  contiguous  transmit  spot  beams  approximately  0.8  x  2  deg 
each,  each  pair  of  spot  beams  may  be  combined  into  an  area  beam 
approximately  1 .2  x  2  deg.  beams  aimed  to  cover  southern  half  of 
Canada 

Design  life 

Ten  years 

Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0.05°N-S  and  E-W 

Orbital  history 

3:  launched  II  November  1982  (deployed  from  Shuttle.  11  No¬ 
vember)  1 15°W  longitude,  in  use 

2:  launched  18  June  1983  (deployed  from  Shuttle.  18  June) 

1 10°W  longitude,  in  use 

I:  launched  12  April  1985  (deployed  from  Shuttle,  13  April). 
I()7°W  longitude,  in  use 

Shuttle  launch  vehicle  (satellite  design  is  also  compatible  with 
Delta  3910) 

Management 

Developed  for  Telesat  Canada  by  Hughes  Aircraft  Company 
(about  40%  of  the  work  is  subcontracted  to  Canadian  firms) 
Operated  by  Telesat  Canada 
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The  Anik  D  satellites  ( 1-7|  are  replacements  for  the  Anik  A 
satellites  and  eventually  also  for  Anik  B.  The  satellite  structure, 
support  subsystems,  thermal  radiator,  and  deployable  solar  array 
are  almost  identical  to  those  of  Anik  C. 

The  major  difference  between  the  two  satellites  is  the  commu¬ 
nication  subsystem.  Anik  D  has  24  repeaters  in  the  4-  and  6-GHz 
bands — twice  the  number  contained  in  an  Anik  A  satellite  and  ac¬ 
complished  by  dual-polarized  reception  and  transmission.  The 
antenna  pattern  is  shaped  to  provide  coverage  of  all  of  Canada, 
the  same  as  Anik  A.  However,  the  TWT  output  power  is  twice 
that  of  the  earlier  satellites,  thus  permitting  equal  service  to  small¬ 
er  ground  terminals.  The  satellite  details  are  as  follows: 

Satellite 


Capacity 

960  one-way  voice  circuits  or  one  TV  program  per  repeater 

Transmitter 

3702  to  4 1 98  MHz 
One  TWT  per  repeater 

10-W  output.  36  dBW  minimum  ERP  per  repeater  over  all  of 
Canada 

Receiver 

5927  to  6423  MHz 

Two  active  plus  two  spare  receivers 

GAT  >-6  dB/K 


Cylinder.  85-in.  dia..  258-in.  height  (21.5  ft)  in  deployed  condi¬ 
tion 

Approximately  14(H)  lb  in  orbit,  beginning  of  life 
Solar  cells  and  NiCd  batteries,  8(H)  W  end  of  life 
Spin-stabilized,  gyrostat 

Solid  rocket  motor  for  apogee  maneuver,  hydrazine  propellant  for 
on-orbit  use 


Antenna 

One  72-in. -dia.  reflector,  multiple  feed  horns  to  optimize  beam 
shape  for  Canada,  orthogonal  linear  polarizations 

Design  life 

Ten  years 

Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0.05°N-S  and  E-W 


Configuration 

Twenty-four  36-MHz  bandwidth  repeaters,  dual-polarization  fre¬ 
quency  reuse 
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Orbital  history 

t:  launched  27  August  1982.  I05°W  longitude,  in  use 
2:  launched  8  November  1984  (deployed  from  Shuttle,  9  Novem¬ 
ber).  1 1 1°W  longitude,  in  storage  until  1986.  in  use  since 
Delta  3920  launch  vehicle  for  1,  Shuttle  for  2 

Management 

Developed  for  Telesat  Canada  by  Spar  Aerospace  with  Hughes 
Aircraft  Company  as  a  major  subcontractor 
Operated  by  Telesat  Canada 

The  Anik  D  satellites  were  built  by  Spar  Aerospace,  a  Canadi¬ 
an  company,  which  is  a  subcontractor  on  many  other  satellites 
(including  Anik  C)  of  similai  design.  The  lir.st  Anik  D  was 
launched  in  August  1982  and  is  in  use.  Most  6/4-GHz  television 
service  is  on  Anik  Dl.  whereas  message  and  voice  service  was 
predominantly  handled  via  Anik  B.  The  second  was  launched  in 
November  1984  and  put  into  orbital  storage.  Telesat  saw  three 
benefits  to  orbital  storage:  lower  launch  costs  on  early  Shuttle 


(lights:  availability  of  space  on  a  Shuttle,  w  hen  later  years'  sched¬ 
ules  were  crowded;  and  ability  to  bring  the  satellite  into  service, 
at  any  time,  with  only  a  few  days  delay.  Anik  D2  was  brought  into 
service  in  1986  to  take  the  traffic  from  Anik  B  as  it  reached  the 
end  of  its  useful  life.  Traffic  from  both  Dl  and  D2  was  transferred 
to  Anik  E  in  1991.  After  that.  Anik  D2  will  be  a  spare  and  Anik 
Dl  might  be  retired. 
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Anik  E  satellite. 


The  launch  dates  and  expected  lifetimes  of  the  Anik  C  and  D 
satellites  indicated  that  both  series  would  need  to  be  replaced  in 
the  early  I99l)s.  Telesat  decided  that  large  enough  spacecraft  were 
available  to  allow  replacement  of  both  series  with  a  single-design 
satellite  series.  In  addition,  such  a  combined  replacement  would 
be  less  expensive  to  build  and  launch  than  two  separate  replace¬ 
ment  series.  The  single  combined  design  is  Anik  E  1 1  -8 1. 

The  development  of  Anik  E  began  late  in  1986.  Primary  re¬ 
quirements  are  to  provide  a  continuation  of  the  4/6-GHz  pay- 
load  on  Anik  D  and  the  12/14-  GHz  payload  on  Anik  C  with 
the  addition  of  a  national  coverage  beam  at  12  and  14  GHz. 
higher  power  at  12  GHz.  improved  flexibility  to  switch  be¬ 
tween  the  various  12-  and  14-GHz  beams,  and  additional 
coverage  of  the  United  States  to  provide  full  cross-border 
services  to  Canadian  companies  doing  business  in 
both  nations. 

The  basic  satellite  design  is  the 


a  rectangular  body  with  solar  panels  that  deploy  in  orbit  from  the 
north  and  south  faces  of  the  body.  Communications  equipment  is 
attached  to  the  inside  surfaces  of  the  north  and  south  faces:  other 
equipment  is  mounted  in  a  central  cylindrical  structure  and  on 
panels  that  join  the  cylinder  to  the  exterior  panels  of  the  satellite 
body.  Two  large  reflectors  deploy  from  the  east  and  west  faces  of 
the  body.  One  is  for  4/6  GHz  and  the  other  for  12/14  GHz.  A 
third,  smaller  antenna  is  fixed  on  the  earth-viewing  face  of  the 
body.  This  third  antenna  is  for  the  1 2/ 14-GHz  cross-border  beam: 
the  larger  12/14-GHz  antenna  provides  the  national,  east,  and 
west  beams. 

At  12/14  GHz.  the  national  beam  provides  coverage  of  all  of 
Canada  except  for  some  sections  of  the  far  north.  The  east  and 
west  beams  each  correspond  to  half  of  the  national  beam.  Tne 
cross-border  beam  covers  southern  Canada  plus  most  of  the  con¬ 


tiguous  48  states.  The  east  and  west  beams  are  used  only  for 
transmission:  the  national  and  cross-border  beams  are  used  for 
both  reception  and  transmission.  At  4/6  GHz.  a  single  national 
beam  is  used  for  reception  and  transmission.  It  covers  all  of  Can¬ 
ada.  approximately  the  northern  half  of  the  contiguous  48  states, 
and  much  of  Alaska.  In  the  12/14-GHz  portion  ol  the  communica¬ 
tions  subsystem,  twelve  channels  are  received  in  the  national 
beam,  and  four  can  be  individually  switched  between  national 
and  cross-border  beams.  For  transmission,  these  latter  four  can  be 
switched  to  the  national,  cross-border,  or  west  beam.  Two  others 
can  be  switched  between  national  and  east  beams.  The  remaining 
ten  are  fixed,  four  to  the  west  beam  and  six  to  the  east  beam. 

Details  of  the  satellite  and  communications  payload  are  as  fol¬ 
lows: 

Satellite 

Rectangular  box  body,  approximately  6x7x7  ft.  7 1 -ft  span 
across  solar  arrays 

Approximately  3200  lb  in  orbit,  beginning  of  life 
Sun-tracking  solar  arrays  and  NiHi  batteries,  approximately 
3900  W  after  ten  years 
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Three-axis  stabilization  using  pivoted  momentum  wheels  and 
magnetic  torquers 

Liquid  bipropellant  propulsion  for  apogee  maneuver,  monopro¬ 
pellant  hydrazine  for  on-orbit  use 

Configuration 

4/6  GHz:  twenty-four  36-MHz  bandwidth  single-conversion  re¬ 
peaters.  dual-polarization  frequency  reuse 
12/14  GHz:  sixteen  54-MHz  bandwidth  single-conversion  repeal¬ 
ers.  dual-polarization  frequency  reuse 


Transmitter 

4/6  GHz:  3702  to  4 1 98  MHz 

1 1  5-W  solid  state  amplifiers,  in  six  groups  of  live  amplifiers 
for  four  repeaters 

ERP  per  repeater  37  dBW  over  much  of  Canada.  35.5  dBW 
over  all  of  Canada,  the  northern  half  of  CONUS,  and  much 
of  Alaska 

1 2/14  C.Hz:  1 1.903  to  12.197  GHz 

50- W  TWTAs.  in  two  groups  of  nine  amplifiers  for  eight  re¬ 
peaters 
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BFN  (H) 

3702- 

4178 


3722- 

4198 

BFN  (V) 


ERP  per  repeater  45  to  52  dBW  in  east  and  west  beams.  45  to 
49  dBW  in  national  beam.  43  to  45  dBW  in  cross-border 
beam 

Receiver 

4/6  GH/:  5927  to  6423  MH/ 

Two  active  receivers  plus  two  spares 
G/T  -3  d B/K  over  all  of  Canada 
12/14  GH/:  14.003  to  14.497  GHz 

Three  active  receivers  plus  two  spares 
G/T  1 .5  to  2.5  dB/K  over  Canada 

Antenna 

4/6  GHz:  one  82-in. -dia.  offset-fed  dual-grid  parabola  with  multi¬ 
ple  feedhorns.  dual  linear  polarizations 

12/14  GHz:  two  offset-fed  dual-grid  parabolas;  one  82-in. -dia. 
with  multiple  feed  horns  for  national,  east,  and  west  beams,  dual 
linear  polarizations;  one  40-in. -dia.  with  multiple  feed  horns  for 
cross-border  beams,  single  polarization 

Design  life 

(Twelve  years  fuel  load) 


Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0.01  °N-S  and  E-W 

Orbital  history 

I;  launched  26  September  1991.  II  1°W  longitude 
2:  launched  4  April  1991.  in  use.  I07.3°W  longitude 
Ariane  launch  vehicle 

Management 

Developed  for  Telesat  Canada  by  Spar  Aerospace  w  ith  GE  Astro- 
Space  as  a  major  subcontractor 
Operated  by  Telesat  Canada 

The  Anik  E  development  program  is  a  protoflight  approach, 
where  the  first  flight  satellite  will  qualify  the  design.  Distinct 
qualification  models  were  built  only  for  the  solid-state  amplifiers, 
antennas,  some  propulsion  components,  and  batteries.  The  first 
satellite  was  launched  in  April  1991 .  The  1 2/14-GHz  antenna  wav 
deployed  only  after  anomalous  behavior,  and  the  4/6-GHz  anten¬ 
na  could  not  be  deployed.  Since  the  latter  antenna  was  blocking 
the  attitude  control  sensors,  the  whole  satellite  was  disabled.  The 
antenna  was  finally  deployed,  three  months  after  launch,  by 
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spinning  the  satellite.  The  second  satellite  was  launched  26  Sep¬ 
tember  1991  and  will  be  put  into  orbital  storage  unless  problems 
occur  with  the  first  satellite.  The  storage  will  use  a  slightly  in¬ 
clined  orbit  chosen  so  that  zero  inclination  w  ill  be  reached,  w  ith¬ 
out  use  of  stationkeeping  fuel,  in  a  few  years.  At  that  time,  the 
satellite  will  be  activated. 
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Telesat  System 


The  Telesat  system  1 1  - 1 7 1  handles  a  wide  variety  of  traffic,  re¬ 
flecting  the  diverse  needs  of  the  country.  Television  distribution  is 
a  major  function  of  the  system.  Transmissions  are  FM  with  one 
video  plus  several  audio  signals  per  satellite  repeater,  except  for 
Anik  C  (two  per  repeater).  Telephony  is  another  major  function. 
FDMA  has  been  in  use  since  the  beginning,  with  FDM  voice 
channels  on  high-density  routes  and  QPSK/SCPC  on  low-density 
routes.  Voice  activation  is  used  on  the  SCPC  links  to  conserve 
satellite  capacity.  On  Anik  C.  all  voice  channels  are  transmitted 
digitally.  The  use  of  TDM  A  started  in  the  late  1970s  and  has  in¬ 
creased.  but  it  is  not  yet  as  common  as  FDMA.  Data  transmission 
also  exists  in  the  system  at  rates  from  2.4  kbps  to  6.1  Mbps. 

The  Telesat  system  includes  many  types  of  ground  terminals 
for  communications  plus  three  telemetry,  tracking,  and  command 
(TT&C)  terminals.  The  characteristics  of  these  terminals  are  giv¬ 
en  in  Table  I.  The  original  terminals  all  operated  in  the  4-  and  6- 
GH/  bands.  The  heavy-route  terminals,  with  97-ft  antennas,  arc 
equipped  for  all  communications  services,  and  each  has  several 
transmitters  and  receivers  for  handling  multiple  simultaneous 
links.  In  addition,  these  terminals  have  a  complete  set  of  TT&C 
equipment.  The  network  TV  terminals  are  primarily  for  transmis¬ 
sion  and  reception  of  high-quality  TV.  Northern  telecommunica¬ 
tions  terminals  provide  voice  links  with  the  heavy-route  stations 
and  reception  of  television  for  local  rebroadcasting  to  home  re¬ 
ceivers.  Remote  TV  terminals  receive  television  transmissions 
for  local  rebroadcast,  and  they  have  the  capability  of  being  ex¬ 
panded  to  provide  two-way  telephone  service.  This  capability  has 


been  used  in  several  terminals  subsequent  to  their  initial  installa¬ 
tion.  The  thin-route  terminals  provide  limited  two-way  telephone 
service  and  can  be  upgraded  to  add  television  reception  capabili¬ 
ty- 

Initially,  early  in  1973.  the  system  had  36  communication  ter¬ 
minals.  The  number  grew-  to  100  in  a  few  years,  then  gradually  in¬ 
creased  to  about  150.  Most  terminals  are  the  remote  television 
and  thin-route  types.  Over  half  of  these  new  terminals  are  located 
in  the  northern  territories  of  Canada.  Because  of  the  large  number 
of  terminals  in  remote  locations,  considerable  effort  w  as  made  to 
keep  them  inexpensive.  Thus,  only  the  heav  y -route  and  TT&C 
terminals  require  full-time  manning.  Also,  since  the  satellites 
have  stationkeeping  to  ±0. 1  deg  or  better,  only  these  two  types  of 
terminals  require  automatic  tracking. 

Satellite  and  network  control  for  the  Telesat  system  is  accom¬ 
plished  from  a  control  center  near  Ottawa.  Satellite  control  is  ac- 
complished  primarily  using  the  heavy-route  terminal  near 
Toronto  and  the  collocated  TT&C  terminals.  The  heavy-route  ter¬ 
minal  is  pointed  at  the  primary  satellite,  and  a  TT&C  terminal  is 
pointed  at  each  of  the  other  satellites. 

The  Anik  C  system  became  operational  in  1983.  using  the  12- 
and  14-GH/  bands,  w  ith  ten  main  terminals  in  the  major  cities. 
These  terminals  have  25- ft  antennas,  with  automatic  step  track¬ 
ing.  Six  are  equipped  for  telephone  and  television  transmission 
and  reception,  and  four  for  television  only.  For  augmenting  the 
major  routes  of  the  Trans-Canada  Telephone  System,  data  rates 
up  to  90  Mbps  can  he  transmitted.  Additional  15-ft  antennas  will 
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Table  I.  Canadian  Ground  Terminals 


TERMINAL 

TYPE* 

ANTENNA 
DIAMETER,  It 

G/T,  dB/K 

TRANSMITTERS 

INSTALLED/ 

STATION 

ERP/CHANNEL, 

dBW 

RECEIVERS 

INSTALLED/ 

STATION 

ANTENNA 

STEERING 

NO-BREAK 

STANDBY 

POWER 

HR 

97 

37 

3-8 

83 

5-10 

Step  track 

Batteries  and 
diesel 

NTV 

33 

28 

1-3 

83 

4 

Manual 

Batteries  and 
diesel 

NTC 

33 

28 

2 

73 

2-3 

Manual 

Batteries  and 
diesel 

RTV 

26 

26 

06 

0° 

1-2 

Manual 

Batteries 

TR 

26 

26 

2 

58 

2 

Manual 

Some  have 
batteries 

FTV 

12-15 

20-22 

0 

0 

1 

Manual 

Some  have 
batteries 

Transportable 

12-28 

<26 

0-2 

-54 

1-2 

Manual 

Some  have 
batteries 

TT&C 

15-36 

17-28 

2 

85 

2 

Monopulse 
or  manual 

Batteries  and 
diesel 

HR(1 2/14) 

26 

35 

2-8 

-85 

>2 

Step  track 

Batteries  and 
diesel 

MR(12/14) 

15 

28.5 

1-2 

-85 

2 

TV(1 2/14) 

25 

33 

2-3 

22 

Step  track 

Batteries  and 
diesel 

TT&C  (12/14) 

15/36 

26/35 

2 

81/91 

2 

Manual/ 

monopulse 

Batteries  and 
diesel 

“Terminal  type 


4/6  GHz:  12/14  GHz: 


HR 

Heavy  route 

HR  Heavy  route 

NTV 

Network  television 

MR  Medium  route 

NTC 

Northern  telecommunications  (or  medium  route) 

TV  TV  distribution 

RTV 

Remote  television 

TT&C  Tracking,  telemetry,  and  command 

TR 

Thin  route 

b 

FTV 

Frontier  television 

Some  RTV  terminals  have  had  a  TR  capability  retrofitted 

TT&C 

Tracking,  telemetry,  and  command 

be  installed  as  needed  tor  television  transmission  and  reception  or 
for  reception  only,  or  for  transmission  and  reception  of  45-Mbps 
digital  data  streams.  In  another  type  of  use.  after  Anik  C2  was 
launched,  its  antenna  was  tilted  0.5  deg  south  from  normal  Cana¬ 
dian  coverage,  for  temporary  use  on  lease  to  a  United  States  com 
pany  as  a  medium-power  broadcasting  satellite.  Business 
communications,  both  voice  and  data,  are  a  new  service  develop¬ 
ing  on  Anik  C.  Various  data  rates  are  available.  Transmissions  are 
QPSK/TDM  A.  with  burst  rates  of  30  Mbps  or  higher. 

*  *  *  *  *  * 
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UNITED  STATES 
(Domestic  Communications) 


The  satellite  systems  described  here  are.  or  will  be,  providing 
domestic  communication  sen  ices  for  the  United  States.  Together, 
these  systems  serve  the  continental  United  States  (CONUS). 
Alaska.  Hawaii.  Puerto  Rico,  and  the  Virgin  Islands  1 1  - 1 8 1. 

In  September  1965.  the  American  Broadcasting  Company  tiled 
a  request  with  the  Federal  Communications  Commission  (FCC) 
for  authorization  to  operate  a  communication  satellite  system  for 
distribution  of  network  television.  This  application  was  returned 
by  the  FCC  without  comment,  pending  an  inquiry  concerning 
public  policy  questions  related  to  the  establishment  of  domestic 
communication  satellite  systems.  This  inquiry  began  in  March 
1966.  with  many  diverse  organizations  presenting  their  views  to 
the  FCC.  During  the  next  few  years,  many  studies,  opinions,  sys¬ 
tem  proposals,  and  experimental  plans  were  submitted.  In  addi¬ 
tion  to  the  FCC  inquiry,  both  the  legislative  and  executive 
branches  of  the  government  studied  domestic  satellite  systems.  In 
1968.  a  task  force  appointed  by  the  President  prepared  a  report  fa¬ 
voring  a  limited  pilot  program.  However,  just  at  the  time  the  re¬ 
port  was  published,  a  new  administration  was  elected  and  a  new 
investigation  was  started.  In  January  1970.  the  study  group  issued 
a  report  favoring  open  entry  for  domestic  satellite  systems.  On  the 
basis  of  this  report,  the  FCC  in  March  1970  invited  applications 
for  permission  to  construct  and  operate  the  systems.  By  the 
March  1971  deadline,  eight  applications  were  filed. 

FCC  action  on  these  applications  was  prolonged  by  more  com¬ 
ments.  claims,  and  counterclaims.  A  tentative  decision  in  June 
1972  modified  the  open  entry  policy  to  require  each  applicant  to 
show  financial  and  technical  qualifications  and  that  the  proposed 
service  would  be  in  the  public  interest.  This  decision  also  placed 
specific  restrictions  on  certain  applicants.  Following  further  argu¬ 
ments.  a  final  FCC  decision  in  December  1972  opened  the  way 
for  processing  of  the  applications.  The  FCC  had  allowed  opportu¬ 
nities  (after  the  March  197 1  filing)  for  applicants  to  drop,  modify, 
or  combine  applications.  As  a  result,  there  were  five  active  appli¬ 
cations  at  the  start  of  1973:  Western  Union  Telegraph  Company. 
American  Satellite  Corporation.  Hughes  Aircraft  Company  with 
GTF  Satellite  Corporation.  Comsat  General  Corporation  with 
AT&T,  and  RCA  Globecom  with  RCA  Alascom. 

Three  approvals  were  required  for  each  system,  covering  (he 
satellite  equipment,  ground  equipment,  and  system  operations. 
By  January  1974.  ail  live  applicants  had  received  one  or  more  of 
these  approvals,  and  both  satellite  and  ground  equipment  were 
being  built.  However,  in  February  1974.  American  Satellite  Cor¬ 
poration  cancelled  its  order  for  three  satellites  because  of  lack  of 
financing.  Then,  in  April  of  the  same  year.  AT&T  and  GTF  an¬ 


nounced  plans  to  combine  their  systems  using  the  satellites  being 
developed  for  AT&T.  At  the  end  of  1974.  the  status  of  these  appli¬ 
cations  was  as  follows: 

•  Western  Union  Telegraph  Company  began  operations  in 
1974. 

•  RCA  was  developing  its  own  satellites.  (Initial  operations 
began  in  December  1973  with  satellite  capacity  leased  from 
Telesat  Canada.) 

•  AT&T  was  proceeding  toward  operational  status,  w  ith  Com¬ 
sat  General  developing  satellites  for  the  system. 

•  GTE  had  dropped  plans  for  its  ow  n  system,  preferring  joint 
operations  with  AT&T:  the  next  year  it  became  a  user  of  the 
AT&T  system,  rather  than  a  joint  ow  ner. 

•  American  Satellite  Corporation  was  leasing  satellite  capaci¬ 
ty  from  Western  Union. 

The  RCA  and  AT&T  systems  began  operations  in  1976.  By  the 
fall  of  that  year,  each  had  two  satellites  in  orbit,  as  did  Western 
Union.  Prior  to  the  development  of  these  systems,  the  Intelsat 
system  was  used  for  satellite  communications  between  CONUS 
and  Hawaii.  Ala  ka,  and  Puerto  Rico.  The  Intelsat  terminal  in 
Alaska  became  a  part  of  the  RCA  system,  and  the  terminal  in  Pu¬ 
erto  Rico  became  a  part  of  the  AT&T  system.  Although  these  sys¬ 
tems  serve  Hawaii,  the  Intelsat  terminal  there  has  remained  in  the 
Intelsat  system  to  link  Hawaii  with  many  Pacific  nations  and  is¬ 
lands.  In  the  same  year.  CML  Satellite  Corporation,  a  combina¬ 
tion  of  two  of  the  eight  March  1971  applicants,  reorganized  as 
Satellite  Business  Systems  (SBS).  FCC  approval  was  received  in 
1977.  and  the  lirst  SBS  satellite  was  launched  late  in  1980.  The 
system  became  operational  in  March  1981.  At  the  end  of  1980. 
nine  satellites  were  in  orbit:  three  each  for  the  Western  Union  and 
AT&T  systems,  two  lor  RCA.  and  one  for  SBS.  In  addition,  a 
third  RCA  satellite  was  destroyed  just  before  reaching  the  syn¬ 
chronous  orbit. 

During  the  lirst  few  years  after  Western  Union  and  RCA  start¬ 
ed  operations,  the  demand  for  satellite  capacity  was  quite  low.  In 
about  1978.  the  demand  started  to  increase  very  quickly.  By  early 
1980.  the  FCC  had  several  applications  to  consider,  some  for  ex¬ 
pansion  of  existing  systems  and  some  for  new  systems.  Those 
that  were  filed  before  I  May  of  that  year  were  considered  together 
and  approved  in  December.  New  systems  that  were  authorized  are 
Hughes  Communications.  Inc.  (HCI).  Southern  Pacific  Commu¬ 
nications  Company  (SPCC).  and  GTE  Satellite  Corporation 
(GSat).  In  1983.  GTF  purchased  SPCC.  and  the  latter  two  sys¬ 
tems  were  combined  under  the  name  GTF  Spacenet. 
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In  1981.  ihc  ICC  started  a  broad  review  of  the  domestic  satel¬ 
lite  licensing  policy.  The  objective  of  this  review  was  to  formu¬ 
late  the  best  method  of  allocating  orbital  and  spectral  resources  to 
what  was  foreseen  as  an  ever  increasing  demand.  The  primary 
emphasis  was  on  the  orbital  spacing  of  satellites.  In  1970.  5-deg 
spacing  between  satellites  yeas  assumed  necessary  to  prevent  in¬ 
terference.  In  1974  this  was  reduced  to  4  deg.  In  the  1980  deci¬ 
sions.  4  deg  yeas  used  for  satellites  that  were  using  the  4/0  (111/ 
bands  and  3  deg  for  those  using  the  l2/l4-(iH/  bands. 

The  review  started  in  1981  yeas  not  completed  until  April 
1983.  At  that  time,  the  orbital  spacing  was  reduced  to  2  deg  for 
both  frequency  bands;  implementation  of  this  spacing  ysas  to  pro¬ 
ceed  mer  the  next  levy  years.  This  action  almost  doubled  the 
number  of  potential  satellite  locations  in  orbit.  However,  most  of 
these  locations  were  assigned  to  new  satellites  and  new  systems 
authorized  in  concluding  the  review.  The  1983  authorizations, 
covering  all  applications  received  by  May  1982.  included  addi¬ 
tional  satellites  for  several  systems  plus  live  new  systems:  RCA. 
for  use  of  the  1 2/ 1 4-C IHz  bands  in  addition  to  the  4/6-(illz  satel¬ 
lites.  American  Satellite  Corporation.  United  States  Satellite  Sy  s¬ 
tems.  Rainhoxv  Satellite,  and  Advanced  Business 
Communications.  American  Satellite  vy as  yyell  established  in  the 
business;  it  had  operated  an  increasing  number  of  ground  termi¬ 
nals  yyith  the  VVestar  satellites  since  1974.  The  latter  three  compa¬ 
nies  received  provisional  authorizations  and  were  required  to 
submit  evidence  of  their  financial  ability  to  develop  the  systems. 
Since  none  of  them  was  able  to  present  satisfactory  evidence,  all 
three  authorizations  were  revoked  early  in  1985.  in  order  to  clear 


the  way  for  the  I  C  C  to  proceed  w  ith  the  next  set  of  authoriza¬ 
tions. 

By  the  lime  of  the  1983  authorizations,  several  other  applica¬ 
tions  were  submitted  to  the  l-’CC.  Additional  applications  arrived 
in  the  follow  ing  months.  Again,  the  ICC  conducted  a  broad  re- 
view  ol  domestic  satellite  policy  prior  to  studying  the  indiv  idual 
applications.  Topics  of  particular  interest  were  the  number  of  or¬ 
bital  positions  (often  called  slots)  available,  the  efficiency  with 
which  each  is  used,  and  the  financial  qualifications  of  applicants. 

To  some  extent,  the  number  <  if  slots  was  lixed  by  the  prev  ious 
2-deg  spacing  decision.  However,  there  were  still  contentions 
about  how  fast  to  transition  the  4/6-CiH/  satellites  to  the  new 
spacing.  The  contention  focused  on  the  many  existing  ground  an¬ 
tennas.  which  were  not  compatible  with  2-deg  spacing,  and  the 
cost  to  improve  the.,  or  to  replace  them  before  they  would  other¬ 
wise  be  replaced.  Another  consideration  regarding  the  number  of 
slots  was  the  potential  utility  of  some  slots  farther  east  or  west 
than  those  presently  assigned.  To  provide  foreflicient  use  of  each 
slot,  the  ICC  required  all  satellites  to  use  dual-polarization  fre¬ 
quency  reuse,  which  was  already  used  on  most  satellites.  The 
ICC  also  developed  minimum  standards  for  numbers  of  tran¬ 
sponders.  their  bandvvidlhs.  and  TWT  power  for  1 2/1 4-C«Hz  sat¬ 
ellites.  These  characteristics  had  become  relatively  lived  on  4/h- 
(iHz  satellites,  but  varied  among  the  higher-frequency  satellites, 
f  inally,  the  ICC  stated  more  specific  measures  for  applicants'  li- 
nancial  qualifications. 

By  early  1985.  applications  from  about  2(1  organizations  were 
pending.  A  decision  was  announced  in  the  summer  of  1985.  Six 


Table  I.  DtwieMic  t  niwnunii  <nion  ,\atellite\ 


ORGANIZATION* 

j  SATELLITE 

FREQUENCY 

NOTES 

NAME 

BAND” 

1 

t  ' 

. 

C 

d 

e 

1 

e 

h 

Western  Union 

Westar 

c 

1973 

2 

3 

4 

4 

6 

K 

1985 

2 

RCA 

Satcom 

C 

1973 

2 

2 

4 

4 

6 

K 

1983 

2 

3 

AT&T 

Comstar.  Telstar 

C 

1973 

2 

3 

4 

4 

4 

SBS 

SBS 

K 

1977 

1 

3 

4 

6 

Hughes  Communications.  Inc  (HCI) 

Galaxy 

C 

1980 

2 

3 

4 

K 

1985 

2 

GTE  Spacenet 

Spacenet 

CK 

1980 

2 

3 

GTE  Spacenet 

GSt  ar 

K 

1980 

2 

2 

American  Satellite  Corp  (ASC) 

l 

CK 

1983 

1 

3 

Alaseom.  Inc 

Aurora 

C 

1985 

T 

V 

2 

Comsat  General  Corp 

K 

1985 

2 

Federal  Express  Corp. 

Expresstar 

K 

1985 

2 

Ford  Aerospace  Satellite  Services  Corp 

Fordsat 

CK 

1985 

2 

Marlin  Marietta  Communication  Systems.  Inc 

K 

1985 

2 

Total 

6 

9 

18 

27 

51 

Jons  not  include  organizations  who  canceled  plans  for  auth 
prized  systems  or  had  authorizations  revoked 
0  4/6  GHz.  K  12/14  GHz.  C  K  -  both  C  and  K  on  the  same 

satellite 

Year  system  first  authorized  (additional  satellites  and  other  major 
changes  require  additional  authorization) 

Number  o!  useable  satellites  in  orbit  December  19/6 
Number  of  useable  satellites  in  orbit  December  1980 
Number  of  useable  satellites  in  orbit  December  198.9 


Number  of  useable  satellites  in  orbit  March  1986 

Number  of  orbital  positions  authorized  at  the  conclusion  of  the 

1986  FGC  proceedings  Number  of  satellites  authorized  is  larger 

because  it  includes  sjiares  to  he  kept  on  the  ground 

Includes  new  satellites  owned  by  AT&T  and  older  satellites 

owned  by  (  omsat  General  and  leaser)  to  AT&T 

GTE  Space  set  has  one  additional  authorization  for  either  type 

of  satellite 

An  RCA  satellite  sold  to  Alaseom 


previously  authorized  systems  were  each  granted  one  additional 
orbital  slot.  Western  Union  and  HCI.  which  already  were  operat¬ 
ing  4/6-GHz  satellites,  were  authorized  to  use  the  12/14-GHz 
band  also.  Five  new  systems  were  authorized:  Alascom.  Inc.; 
Comsat  General  Corporation;  Federal  Express  Corporation;  Ford 
Aerospace  Satellite  Services  Corporation;  and  Martin  Marietta 
Communication  Systems.  Inc.  Alascom  was  formerly  an  RCA 
subsidiary  and  already  had  one  satellite  in  use  that  it  bought  from 
RCA.  Comsat  General  had  developed  four  satellites  in  the  1970s 
in  a  lease  agreement  w  ith  AT&T.  This  authorization  was  for  a 
new.  unrelated  system.  Five  other  applications  were  rejected  as  fi¬ 
nancially  unqualified,  and  two  applicants  withdrew  before  the 
FCC  proceedings  were  concluded. 

Another  round  of  applications  had  gathered  by  September 
1987.  Six  previously  authorized  companies  requested  additional 
satellites,  and  one  new  company  (National  Exchange)  requested 
authorization  to  operate  a  system.  In  1988.  the  FCC  allowed  fur¬ 
ther  applications,  but  only  for  replacement  satellites.  The  dead¬ 
line  for  these  was  October.  The  issues  the  FCC  faced  in  1988  and 
1989  were  satellite  spacing,  how  to  accommodate  ever  higher  12- 
GHz  transmitter  powers  without  interference  to  adjacent  satel¬ 
lites.  and  whether  to  require  some  in-orbit  satellites  to  move  in  or¬ 
der  to  accommodate  newly  authorized  satellites.  The  FCC 
decision  was  announced  in  November  1989.  A  total  often  re¬ 
placement  satellites  were  authorized,  along  with  thirteen  new  sat- 
eii'  es  of  w  hich  four  are  ground  spares. 

However,  along  with  the  increase  in  applications  and  authori¬ 
zations  tn. ough  the  1980s.  business  practicality  led  to  a  decrease 
in  the  number  of  operational  systems.  The  first  step  w  as  the  con¬ 
solidation  of  the  GTE  and  Spacenet  systems  in  mid-decade.  HCI 
absorbed  Western  Union  satellites  later  in  the  decade.  Four  appli¬ 
cants  authorized  in  1985  did  not  carry  through  w  ith  their  plans: 
Comsat  General.  Federal  Express.  Ford  Aerospace,  and  Martin 
Marietta.  The  decade  of  the  1990s  began  w  ith  HCI  buying  the 
three  SBS  satellites  that  had  significant  remaining  life. 

As  a  result,  by  the  end  of  1990  only  six  companies  had  domes¬ 
tic  communications  systems  with  their  own  satellites: 

•  Alascom 

•  AT&T 

•  Contel  ASC 

•  General  Electric 

•  GTE  Spacenet 

•  Hughes  Communications.  Inc. 

Even  among  these  six.  the  Alascom  system  is  dependent  on. 
and  to  some  extent  a  part  of.  the  GF.  system.  Furthermore.  Contel 
and  GTE  merged  in  March  1991.  thereby  reducing  the  number  of 
independent  systems  to  four.  Each  system  except  AT&T  has  at 
least  four  satellites  operating  in  orbit.  HCI  and  GE  along  with 
Alascom  are  predominately  using  4/6  GHz.  although  GE  has.  and 
HCI  is  building,  satellites  for  12/14  GHz  In  contrast.  GTE  and 
Contel  are  primarily  a  12/14  GHz  system,  although  some  of  the 
satellites  have  4/6-GHz  subsystems. 

The  market  for  domestic  satellite  services  is  strong  enough  to 
allow  these  four  systems  to  continue  in  a  healthy  condition.  How  ¬ 
ever.  prospects  for  new  systems,  include  that  of  National  Ex¬ 
change  which  was  authorized  in  1989.  are  poor.  The  reasons  are 
the  large  financial  investment  required  to  build  and  launch  satel¬ 
lites.  and  the  fact  that  the  major  customers  tend  to  have  long-term 
contracts  with  existing  systems. 

Along  with  the  satellite  population  growth  has  been  an  even 
faster  grow  th  in  earth  terminals.  In  the  mid  1970s.  the  number  of 


terminals  per  satellite  was  a  few  dozen.  Each  had  an  antenna  at 
least  30  ft  in  diameter  and  considerable  electronics.  In  the  late 
1970s.  the  distribution  of  television,  especially  to  cable  television 
systems,  started  and  grew  quickly.  By  1980.  the  number  of  termi¬ 
nals  was  probably  about  1000.  most  with  antenna  diameters  less 
than  40  ft.  many  only  capable  of  receiving  television.  This  type  of 
terminal  has  increased  in  number  to  about  K).O(K).  w  ith  the  typi¬ 
cal  antenna  diameter  now  about  20  ft  or  less.  In  the  1980s.  as  the 
result  of  the  dozens  of  television  programs  available  on  commu¬ 
nication  satellites,  the  market  for  television  receive  terminals  for 
homes  boomed.  These  terminals,  which  typically  have  8-  to  15-ft 
antennas  and  cost  about  SI 000  to  S3000  each,  were  estimated  to 
number  bOO.OOO  in  1985  and  extended  to  one  million  by  1990. 
Meanwhile,  although  the  number  of  large  terminals  w  ith  multiple 
transmit  and  receive  capabilities  has  increased,  they  still  probably 
number  no  more  than  one  or  two  thousand.  Another  type  of  termi¬ 
nal  having  considerable  growth  since  the  mid-1980s  is  the  very 
small  aperture  terminal  (VSAT).  The  typical  antenna  diameter  is 
4  to  6  ft.  These  are  used  primarily  for  data  networks,  where  many 
remote  locations  are  tied  to  a  hub  w  ith  a  larger  terminal.  Data 
transmission  may  be  one  way  to  the  hub.  or  one  way  from  the 
hub.  or  bidirectional  between  the  hub  and  the  VSATs.  The  total 
number  of  VSATs  in  use  probably  exceeds  100.000. 
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Western  Union 


The  tirst  set  of  Western  Union  satellites  1 1  -25 1  were  Westar  I. 
II.  and  III.  They  were  nearly  identical  to  the  Canadian  Anik  A  sat¬ 
ellites.  The  satellite  was  spin-stabilized:  the  body  and  all  equip¬ 
ment  within  it  spun,  only  the  antenna  was  despun.  The  antenna 
was  5  ft  in  diameter  and  was  fed  by  an  array  of  three  horns  that 
produced  a  pattern  optimized  for  CONUS.  A  fourth  horn  provid¬ 
ed  a  lower-level  beam  for  Hawaii.  The  communication  subsystem 
had  twelve  channels  with  a  bandwidth  of  36  MHz  each.  Each 
channel  had  a  single  TWT.  The  satellite  had  no  spare  TWTs.  but  it 
was  expected  that  ten  of  the  twelve  channels  would  be  operable  ai 
the  end  of  the  satellite's  seven-year  life,  which  was  true  for  both 
Westar  I  and  11  in  1981.  Details  of  the  Westar  I  through  III  satel¬ 
lites  are  as  follows: 

Satellite 

Cylinder.  75-in.  dia..  67-in.  height  ( 139  in.  overall) 

655  lb  in  orbit,  beginning  of  life 

Solar  cells  and  NiCd  batteries.  305  W  at  beginning  of  life.  260  W 

minimum  after  sev  en  years 

Spin-stabilized.  I(M)  rpm.  ±0.  i-deg  accuracy 

Solid  rocket  motor  for  apogee  maneuver,  liquid  monopropellant 

for  on-orbit  use 

Configuration 

Twelve  36-MHz  bandwidth  single -conversion  repeaters 

Capacity 

Up  to  1 2(M)  one-w  ay  voice  circuits  or  one  TV  program  per  repeat¬ 
er 

Transmitter 

3702  to  4 1 78  MHz 

One  5-W  TWT  per  repeater  (no  TWT  redundancy) 

FRP  per  repeater  at  edge  of  coverage:  34  dBW  (CONUS).  24 
dBW'  (Puerto  Rico).  27  dBW  (Alaska.  Hawaii) 

Receiver 

5927  to  6403  MHz 


Two  receivers  (one  on.  one  standby).  8-dB  noise  ligure 

C./T  at  edge  of  coverage:  -7  dB/K  (CONUS).  -8  dB/K  (Alaska). 

-13  dB/K  (Hawaii).  -17  dB/K  (Puerto  Rico) 

Antenna 

One  60-in. -dia.  rcllector  with  three  feed  horns  combined  for  cov¬ 
erage  of  CONUS  and  Puerto  Rico,  separate  feed  horns  lor  Alaska 
and  Hawaii,  linear  polarization 


Design  life 

Seven  years 

Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0. 1°N-S  and  E-W 

Orbital  history 

1:  launched  13  April  1974.  turned  off  April  1983.  moved  out  of 
synchronous  orbit 

II:  launched  10  October  1974.  service  life  about  ten  years,  then 
moved  above  synchronous  orbit 

III:  launched  10  August  1979.  in  use  until  January  1990,  turned 
off.  moved  above  synchronous  orbit 
Delta  2914  launch  vehicle 

Management 

Developed  by  Hughes  Aircraft  Company  for  Western  Union 
Operated  by  Western  Union 

The  first  Westar  was  launched  in  April  1974  and  the  second  in 
October  1974.  Regular  service  started  in  July  1974  with  five 
Western  Union  terminals  in  major  urban  areas  of  CONUS.  Westar 
III  was  launched  in  August  1979.  Westar  1  was  removed  from  ser¬ 
vice  in  April  1983,  Westar  II  the  next  year.  Westar  III  was  includ¬ 
ed  in  the  Westar  satellites  sold  to  Hughes  Communications  in 
1988.  It  was  turned  off  in  1990. 

Advanced  Westar.  proposed  as  the  second-generation  space 
segment,  and  the  NASA  TDRSS  space  segment  are  integrated 
into  a  common  satellite  design.  The  basic  design  is  described  in 
the  TDRSS  discussion.  The  satellite  has  three  communication 


subsystems:  S-band  for  TDRSS.  C-band  for  Advanced  Westar, 
and  K-band  for  either  system.  However,  conflicts  developed  that 
resulted  in  the  termination  of  the  joint  Western  Union  and  NASA 
use  of  the  satellites.  The  satellites  are  used  only  by  NASA,  even 
though  they  still  have  the  Advanced  Westar  equipment. 

In  1980,  Western  Union  ordered  a  Westar  IV  satellite,  primari¬ 
ly  to  ensure  that  there  was  no  gap  before  Advanced  Westar  was 
available.  Westars  V  and  VI  were  added  within  a  year.  With  the 
end  of  Advanced  Westar,  the  company  applied  for  permission  to 
build  Westars  VII  and  VIII.  Westar  VIII  was  not  built.  Westar  VII 
was  renamed  Westar  VI-S  after  the  Westar  VI  problem  (see  be¬ 
low):  later  it  was  sold,  prior  to  launch,  to  Hughes  Communica¬ 
tions  and  became  Galaxy  VI.  The  details  of  the  Westar  IV  through 
VI  satellites  are  as  follows: 

Satellite 

Cylinder,  85-in.  dia.,  269-in.  height  (22.4  ft)  in  deployed  condi¬ 
tion 

1285  lb  (IV,  V )/ 1 340  lb  (VI)  in  orbit,  beginning  of  life 

Solar  cells  and  NiCd  batteries,  840  W  at  beginning  of  life,  694  W 

at  end  of  life 

Spin-stabilized,  gyrostat,  approximately  60  rpm 

Solid  rocket  motor  for  apogee  maneuver,  liquid  monopropellant 

propulsion  for  on-orbit  use 

Configuration 

Tw'enty-four  36-MHz  bandwidth  single-conversion  repeaters, 
dual-polarization  frequency  reuse 
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Capacity 

Up  to  12(M)  one-way  voice  circuits  or  64  Mbps  or  one  TV  pro¬ 
gram  per  repeater 

Transmitter 

3702  to  4 198  MHz 

One  TWT  per  repeater  plus  six  spares  per  satellite;  7.5  W  (IV.  V)/ 
8.2  W  (VI)  perTWT 

ERP  per  repeater  at  edge  of  coverage:  34  dBW  (IV,  V)/34.5  dBW 
(VI)  (CONUS);  32.2  dBW  (IV.  V)/30  dBW  (VI)  (Alaska);  30 
dBW  (IV.  V)/29. 1  dBW  (VI)  (Hawaii);  27.1  dBW  (IV.  V)/27.9 
dBW  (VI)  (Puerto  Rico) 

Receiver 

5927  to  6423  MHz 

Two  active  plus  two  spare  receivers 

G/T  at  edge  of  coverage;  -6  (IV,  V)/-4  (VI)  dB/K  (CONUS).  -7 
(IV.  V)/-6  (VI)  dB/K  (Alaska).  -7  (IV,  V)/-9  (VI)  dB/K  (Hawaii). 
-7  (IV,  V )/-6  (VI)  dB/K  (Puerto  Rico) 

Antenna 

Two  72-in. -dia.  paraboloids  with  polarizing  grids,  one  behind  the 
other;  primary  beam  shaped  to  cover  CONUS,  Alaska,  and  Puerto 
Rico;  secondary  beam  to  cover  Hawaii;  orthogonal  linear  polar¬ 
izations 

Design  life 

Ten  years 

Orbit 

Synchronous  equatorial,  .stationkeeping  to  ±0. 1°N-S  and  E-W 

Orbital  history 

IV:  launched  26  February  1982,  99°W  longitude,  in  use 
V:  launched  9  June  1982.  I22°W  longitude,  in  use 
VI:  launched  3  February  1984  (deployed  from  Shuttle.  3  Febru¬ 
ary).  PAM  failure  left  satellite  in  low  orbit,  recovered  and  re¬ 
turned  to  earth  November  1984 

Delta  3910/PAM  launch  vehicle  (IV,  V).  Shuttle/PAM  launch  ve¬ 
hicle  (VI) 

Management 

Developed  by  Hughes  Aircraft  Company  for  Western  Union 
Operated  by  Western  Union 

Westars  IV  through  VI  are  larger  and  have  more  capacity  than 
the  earlier  satellites.  Except  for  communication  subsystem  de¬ 
tails.  the  satellites  are  the  same  as  the  SBS  satellites.  They  have  a 
cylindrical  body  that  is  covered  with  solar  cells  except  for  a  band 
that  is  a  thermal  radiator.  Additional  power  is  generated  by  a  cy¬ 
lindrical  array  that  surrounds  the  main  body  during  launch  and  is 
deployed  in  orbit.  The  antenna,  which  is  deployed  in  orbit,  and 
the  communications  equipment  are  mounted  on  a  platform  that  is 
despun  during  satellite  operations. 

The  communication  subsystem  has  24  channels  and  transmits 
and  receives  12  on  each  of  two  orthogonal  linear  polarizations. 
Signals  received  on  one  polarization  are  transmitted  on  the  oppo¬ 
site  one.  The  dual-polarized  main  beam  covers  CONUS.  Alaska, 
and  the  Carribbean,  with  lesser  gain  for  the  latter  two.  A  second¬ 
ary  beam  covers  Hawaii  with  only  one  polarization  in  Satellites 
IV  and  V.  hut  both  in  Satellite  VI.  Internally,  the  subsystem  is  typ¬ 
ical  of  many  other  satellites  with  broadband  receivers  and  indi¬ 
vidual  TWTs  for  each  channel. 


Westars  IV  and  V  were  launched  in  1982  and  are  in  use. 
Westar  VI  was  launched  in  February  1984  but  was  left  in  a  low 
orbit  because  of  a  perigee  motor  failure.  A  rescue  plan  1 24 )  was 
devised  that  involved  numerous  adjustments  to  the  satellite  orbit, 
while  adapters  were  designed  and  built  to  hold  the  satellite  in  the 
Shuttle.  A  Shuttle  mission  in  November  1984  rendezvoused  w  ith 
the  satellite.  Two  astronauts,  working  outside  the  Shuttle,  cap¬ 
tured  the  satellite  and  secured  it  in  the  Shuttle  bay.  The  satellite 
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was  returned  to  earth  and  was  refurbished  and  offered  for  sale.  It 
became  Asiasat.  which  is  described  in  an  earlier  section  (Interna¬ 
tional  Satellites).  Westar  VII  became  Westar  Vl-S  and  was  part  of 
the  1 988  sale  of  all  Westar  satellites  to  Hughes  Communications. 
Westar  Vl-S  had  not  been  launched  at  the  time  of  the  sale;  w  ith 
minor  modifications  it  became  Galaxy  VI. 

Westar  IX  through  XI  were  planned  Ku-band  <12-  and 
14  GH/I  satellites.  They  were  authorized  by  the  FCC  but  never 
built. 

Prior  to  the  sale  to  Hughes  Communications.  Westar  satellites 
were  operated  from  a  control  center  at  a  Western  Union  ground 
terminal  in  New  Jersey.  Western  Union  had  ground  terminals  near 
six  other  major  urban  areas.  These  were  sold  separately  from  the 
satellites.  They  were  used  for  transmission  of  telephone  and  mes¬ 
sage  traffic.  Several  other  companies  had  their  own  ground  termi¬ 


nals  that  they  used  with  the  Westars  for  telephone,  data,  and  video 
conferencing.  The  biggest  use  of  Westar  satellites  was  for  distri¬ 
bution  of  television  programs.  The  Public  Broadcasting  System 
used  Westar  to  distribute  four  programs  to  almost  200  ground  ter¬ 
minals  associated  w  ith  its  member  stations.  Numerous  companies 
used  Westar  to  distribute  regular  programming  or  occasional 
events  to  cable  television  systems.  Other  uses  of  Westar  included 
transmission  of  facsimile  pages  of  The  Wall  Street  Journal  to 
more  than  a  dozen  printing  plants  around  the  nation.  Many  of 
these  transmissions  continued  uninterrupted  when  the  Westars 
became  part  of  the  Hughes  Communications  Network.  Transmis¬ 
sion  techniques  used  on  Westar  satellites  include  FDM/FM. 
TDMA  at  burst  rates  up  to  62  Mbps.  TV/FM.  and  low  rate  data 
with  spread  spectrum  coding. 
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AT&T  (Comstar,  Telstar  3,  Telstar  4) 


The  AT&T  system  1 1  - 1 7 1  started  operating  in  1976  using  the 
Comstar  satellites.  They  were  a  derivative  of  Intelsat  IV.  The  two 
satellites  were  the  same  si/e.  and  the  structure  and  support  sub¬ 
systems  were  very  similar.  Like  Intelsat  IV.  Comstar  was  a  dual¬ 
spin  type  satellite.  Externally,  the  body  was  a  cylinder  covered 
with  solar  cells.  Internally,  most  support  equipment  was  attached 
to  the  spinning  structure.  The  communication  subsystem  and  an¬ 
tennas  were  mounted  on  a  despun  shelf,  which  was  oriented  to 
keep  the  antennas  earth  pointing.  Although  the  solar  array  was  the 
same  size  as  that  of  Intelsat  IV.  the  end-of-life  power  was  greater 
on  Comstar  due  to  the  use  of  newer,  higher  eflicieney  solar  cells. 
The  satellite  details  are  as  follow  s: 


Solar  cells  and  NiCd  batteries.  760  W  maximum  at  beginning  of 
life,  approximately  550  W  minimum  at  end  of  life 
Spin-stabilized,  gyrostat,  approximately  55  rpm.  maximum  an¬ 
tenna  pointing  error  ±0.26°N-S.  ±0.2°E-W 
Solid  rocket  motor  for  apogee  maneuver,  liquid  monopropellant 
for  on-orbit  use 

Configuration 

Twenty-four  34-MHz  bandwidth  single-conversion  repeaters, 
dual-polarization  frequency  reuse 

Capacity 

Up  to  1200  one-way  voice  circuits  or  one  TV  program  or  45 
Mbps  per  repeater,  specilied.  actual  use  >  1 500  one-way  voice  cir¬ 
cuits  plus  1 .5  Mbps  data 


Satellite 

Cylinder.  94-in.  dia..  1 1 1 -in.  height  (239  in.  overall) 
1787  lb  in  orbit,  beginning  of  life 


Transmitter 

3700  to  4200  MHz 

One  5-W  TWT  per  repeater  (horizontal  polarization  transmis¬ 
sion).  one  5. 5-W  TWT  per  repeater  (vertical  polarization  trans¬ 
mission).  no  redundancy 

ERP  per  repeater  at  edge  of  coverage:  33  dBW  (CONUS.  Hawaii. 
Alaska.  Puerto  Rico).  31  dBW  (combined  CONUS  and  Alaska 
coverage),  specified:  36  dBW  typical.  34  dBW  minimum 
achieved  over  CONUS 

Receiver 

5925  to  6425  MHz 

Four  receivers  (two  on.  two  standby) 

G/T:  -8.8  dB/K  (specification).  -4.5  dB/K  (typical) 

Antenna 

Two  antennas  50  x  70  in.  (one  for  horizontal  polarization  trans¬ 
mission  and  reception  with  six  feed  horns  to  provide  CONUS. 
Hawaii,  and  Puerto  Rico  coverage:  one  for  vertical  polarization 
with  live  feed  horns  for  CONUS  and  Alaska  coverage);  24.5-dB 
receive  gain.  26.5/27-dB  transmit  gain  (vertical/  horizontal):  CO¬ 
NUS  beam  approximately  3.5  x  7  deg:  33-dB  isolation  between 
the  two  polarizations 

Design  life 

Seven  years 


Orbit 

Synchronous  equatorial,  stationkeeping  during  regular  lifetime  to 
±0. 1°N-S  and  E-W 

Orbital  history 

1:  launched  13  May  1976.  moved  above  synchronous  orbit  1987 
or  1988 

2:  launched  22  July  1976.  76°W  longitude,  spare,  6-deg  inclina¬ 
tion  in  1991 

3:  launched  29  June  1978.  turned  off  1984.  moved  above  syn¬ 
chronous  orbit 

4:  launched  21  February  1981.  76°W  longitude,  spare.  5-deg  in¬ 
clination  in  1991 
Atlas-Centaur  launch  vehicle 

Management 

Developed  by  Hughes  Aircraft  Company  for  Comsat  General 
Corporation  (for  lease  to  AT&T) 

Operated  by  Comsat  General  Corporation 

The  communications  subsystem  was  a  new  design  relative  to 
Intelsat  IV  and  has  twenty-four  channels.  Twelve  channels  plus 
the  guardbands  between  them  almost  filled  the  500-MHz  band,  so 
the  band  was  reused  by  receiving  and  transmitting  twelve  chan¬ 
nels  with  horizontal  polarization  and  twelve  channels  with  verti¬ 
cal  polarization.  Within  the  satellite,  each  of  these  twelve-channel 
groups  used  a  different  receiver:  every  channel  had  its  own  TWT. 
Separate  antennas  for  each  polarization  provided  coverage  of 
CONUS,  while  one  had  additional  feed  horns  for  coverage  of 
Alaska  and  the  other  for  Hawaii  and  Puerto  Rico.  Six  channels 
were  permanently  connected  for  CONUS  coverage.  The  output  of 
each  of  the  other  six  channel  groups  was  sw  itchable  between  one 
of  the  outlying  areas  and  CONUS. 

In  addition  to  the  communication  subsystem,  the  satellites  also 
had  beacon  transmitters  at  19.04  and  28.56  GHz  for  use  in  propa¬ 
gation  measurements.  The  data  collected  in  these  experiments 
will  be  useful  in  the  design  of  satellites  that  w  ill  use  the  18-  and 
30-GHz  bands. 

Comsat  General  Corporation  developed  these  satellites  and 
operated  them  under  a  lease  agreement  w  ith  AT&T.  The  first  two 
satellites  were  launched  in  1976.  the  third  in  1978.  and  the  fourh 
in  1981.  After  the  fourth  launch,  the  tw  o  older  satellites  were  col¬ 
located  for  a  time  to  be  operated  as  a  single  satellite.  Each  provid¬ 
ed  half  of  the  twenty-four  repeaters.  At  the  end  of  1983.  one 
satellite  was  turned  off  and  the  two  older  satellites  moved.  Use  of 
the  remaining  three  satellites  decreased  as  the  Telstar  3  satellites 
were  brought  into  operation,  but  the  fourth  Comstar  was  still  be¬ 
ing  used  in  1986. 

The  second  generation  of  satellites  in  the  AT&T  system  are 
called  Telstar  3.  (Telstar  I  and  2  were  two  experimental  satellites 
launched  in  1962  and  1963.)  They  were  obtained  directly  by 
AT&T  rather  than  through  the  lease  arrangement  used  for  the 
Comstars.  The  Telstar  3  satellites  have  the  same  configuration  as 
Anik  C  and  SBS.  The  basic  external  features  shown  in  the  left 
side  of  the  figure  are  the  6- ft  antenna,  the  main  body,  which  con¬ 
tains  all  the  equipment,  and  the  lower,  deployable,  solar  array. 
The  clear  band  in  the  middle  of  the  main  body  solar  array  is  a 
thermal  radiator,  which  is  closely  coupled  to  the  power  amplifiers 
of  the  communication  subsy  stem.  The  satellite  details  are  as  fol¬ 
lows: 
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Satellite 

Cylinder.  85-in.  dia..  269-in.  height  (22.4  ft)  in  deployed  condi¬ 
tion 

1438  lb  in  orbit,  beginning  of  life 

Solar  cells  and  NiCd  batteries.  917  W  beginning  of  life.  670  W 
end  of  life 

Spin-stabilized,  gyrostat,  approximately  60  rpm.  ±().08-deg  an¬ 
tenna  pointing  accuracy 

Solid  rocket  motor  for  apogee  maneuver,  liquid  monopropellant 
for  on-orbit  use 

Configuration 

Twenty-four  36-MHz  bandwidth  single-conversion  repeaters, 
dual-polarization  frequency  reuse 

Capacity 

Up  to  7800  one-way  voice  circuits  or  one  or  two  TV  signals  or 
thirty  1 .544  Mbps  digital  signals  per  repeater 

Transmitter 

3702  to  4198  MHz 

eighteen  transistorized  amplifiers  and  twelve  TWTs  in  six  groups 
to  provide  four  active  and  one  spare  amplifier  for  every  four  re¬ 
peaters.  5.5  W  per  amplifier 
33-dBW  URP  per  repeater  at  edge  of  coverage 


Receiver 

5927  to  6423  MHz 

Two  active  plus  two  spare  receivers 

>-5  dB/K  G/T  at  edge  of  coverage 

Antenna 

Two  72-in. -dia.  paraboloids  w  ith  polarizing  grids,  one  behind  the 
other:  vertical  polarization  has  twelve  feed  horns  for  CONUS 
beam  and  two  for  Alaska;  horizontal  polarization  has  four  feed 
horns  for  CONUS  beam  and  one  each  for  Hawaii  and  Puerto  Rico 

Design  life 

Ten  years 

Orbit 

Synchronous  equatorial,  stationkeeping  to±0.()5cN-S  and  E-W 

Orbital  history 

301  (3A):  launched  28  July  1983.  in  use.  96  VV  longitude 

302  (3B):  launched  30  August  1984  (deployed  from  Shuttle. 
I  September),  in  use.  85'  W  longitude 

303  (30:  launched  17  June  1985  (deployed  from  Shuttle.  19 
June),  in  use.  1 25  W  longitude 

Delta  3920/PAM  launch  vehicle  (301 ).  Shuttle/PAM  launch  v  ehi¬ 
cle  (302.  30.3) 
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Telstar  3  satellite  details. 


Management 

Developed  by  Hughes  Aircraft  Company  for  AT&T 
Operated  by  AT&T 

The  communication  subsystem  is  functionally  the  same  as  that 
of  the  Comstar  satellites.  It  has  twenty-four  channels  that  use  dual 
polarization  transmission  and  reception.  Of  the  twenty-four  chan¬ 
nels,  six  are  always  connected  to  the  CONUS  transmit  beam;  the 
other  sets  of  six  are  switchable  between  the  beams  for  CONUS 
and  other  areas.  Internally,  there  are  two  main  changes  from  the 
Comstar  communication  subsystem.  One  is  the  addition  of  the  six 
spare  amplifier  chains.  The  other  is  the  use  of  solid-state  amplifi¬ 
ers.  Eighteen  of  the  thirty  power  amplifiers  are  constructed  with 
field  effect  transistors — a  single  first  stage  followed  by  three  suc¬ 
cessive  stages,  each  with  two  parallel  transistors.  The  other 
twelve  amplifiers  are  TWTs. 

Development  of  the  Telstar  3  satellites  started  in  1980.  The 
first  was  launched  in  July  1983.  the  second  in  August  1984.  and 
the  third  in  June  1983.  Traffic  was  transferred  from  the  older 
Comstars  to  the  Telstars.  with  AT&T  maintaining  a  four-satellite 
system  composed  of  three  Telstars  and  one  Comstar.  AT&T  con¬ 
sidered  a  fourth  Telstar  but  dropped  the  idea  for  two  reasons;  the 
capacity  available  in  a  nationwide  fiber  optics  network  the  com¬ 


pany  was  building,  and  new  ways  of  using  satellite  channels  to  in¬ 
crease  their  capacity. 

The  Telstar  3  satellites  are  being  operated  by  AT&T.  Satellite 
control  equipment  has  been  added  to  an  existing  AT&T  ground  ter¬ 
minal  in  Pennsylvania.  Equipment  was  also  added  to  an  existing 
terminal  in  California  as  a  backup  to  the  primary  site.  Eight  other 
communication  terminals,  not  all  operated  by  AT&T,  comprise  the 
basic  network.  Links  between  these  terminals  are  either  part  of  the 
public  telephone  network  or  the  private  telephone  network  operat¬ 
ed  by  AT&T  for  the  government.  The  use  of  the  Comstar  satellites 
was  restricted  to  these  two  applications  during  the  1976  to  1979 
period  to  allow  other  domestic  satellite  companies  an  opportunity 
to  establish  themselves  before  facing  direct  competition  from 
AT&T. 

Since  1979.  AT&T  has  been  free  to  use  its  satellites  for  any  type 
of  communications.  Long-distance,  high-capacity  voice  links  are 
still  a  major  source  of  traffic,  but  television  distribution  is  increas¬ 
ing.  The  television  services  include  both  regular  network  televi¬ 
sion  and  occasional  uses.  Other  traffic  includes  high-speed  data 
and  video  conferencing.  Because  of  their  interest  in  high-capacitv 
voice  transmission.  AT&T  has  made  use  of  companded  single¬ 
sideband  modulation.  This  modulation,  combined  w  ith  the  large 
earth  terminals,  allows  6000  or  more  voice  circuits  per  36-MHz 
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satellite  channel,  compared  to  the  typical  1000  to  1500  voice  cir¬ 
cuits  with  single-carrier  FDM/FM  in  other  systems. 

The  lifetimes  of  the  Telstar  3  satellites  require  replacement  sat¬ 
ellites  to  he  launched  beginning  about  1902  or  1993.  In  planning 
for  these  replacements.  AT&T  attempted  to  buy  satellites  being 


developed  by  Ford  Aerospace,  but  the  FCC  would  not  transfer  the 
authorization  for  these  satellites  to  AT&T.  Thus.  AT&T  had  to  hie 
a  request  for  a  new  authorization,  which  was  granted  in  Novem¬ 
ber  1988.  just  after  receiving  manufacturers'  proposals  for  the 
satellites.  A  contract  was  awarded  in  autumn  1989  for  three  Tel¬ 
star  4  satellites,  two  to  be  launched  and  one  to  be  a  ground  spare. 

The  satellites  are  larger  than  previous  domestic  communica¬ 
tions  satellites  and  have  twice  the  bandwidth  of  the  Telstar  3s. 
The  Telestar  4  satellites  use  both  C-band  (6/4  GHz)  and  Ku-band 
( 14/12  GHz).  The  C-band  equipment  is  similar  to  the  entire  com¬ 
munications  subsystem  on  Telstar  3.  consisting  of  twenty-four 
transponders  with  36-MHz  bandwidths.  The  Ku-band  equipment 
has  sixteen  transponders  w'ith  54-MHz  bandwidths.  Eight  of  these 
can  be  individually  switched  to  become  two  27-MHz  bandwidth 
transponders,  so  the  satellite  can  have  a  maximum  of  twenty-four 
Ku-band  transponders.  In  C-band.  two  transmitter  power  levels 
are  available  in  every  amplifier.  In  Ku-band.  two  power  levels  are 
available  by  using  either  one  or  two  amplifiers  per  transponder  on 
up  to  twelve  transponders  simultaneously.  To  power  all  of  these 
amplifiers,  the  Telstar  4  satellites  have  the  highest  power-generat¬ 
ing  capacity  of  any  communications  satellite.  In  addition,  they 
will  be  the  first  to  use  electric  arc  jets  for  stationkeeping,  w  hich 
allows  a  weight  reduction  relative  to  using  liquid  propulsion  for 
that  function.  Additional  satellite  and  communications  character¬ 
istics  are: 

Satellite 

Body  7  x  8  x  10  ft.  span  of  solar  arrays  80  ft 
Approximately  37(X)  lb  in  orbit,  beginning  of  life 
Sun-tracking  solar  arrays  and  NiH>  batteries.  7200  W  at  begin¬ 
ning  of  life 

Three-axis  stabilization  using  momentum  wheels  and  magnetic 
torquers.  ±0.1  deg  accuracy  in  roll  and  pitch.  ±0.25  deg  in  yaw 
Bipropellant  liquid  propulsion  for  apogee  maneuver  and  on-orbit 
use  plus  arc  jets  for  north-south  stationkeeping 

Configuration 

C:  twenty-four  36-MHz  bandw  idth  single-conversion  transpon¬ 
ders.  dual-polarization  frequency  reuse 

Ku:  sixteen  54-MHz  bandwidth  transponders,  eight  can  individu¬ 
ally  be  switched  to  become  two  27-MHz  bandw  idth  transponders, 
dual-polarization  frequency  reuse 

Transmitter 

C:  3700  to  4200  MHz 

Dual  power  level  (II  or  21  W)  solid-state  power  amplifiers 
arranged  in  four  groups  of  seven  with  six  active  and  one 
spare 

ERP  35/38  dBW  (11/21  W)  over  the  contiguous  48  states, 
lower  for  Alaska  and  the  Caribbean 
Ku:  11.7  to  12.2  GHz 

60-W  TWTAs  arranged  in  two  groups  of  eighteen,  one  per 
transponder,  or  two  in  parallel  per  (ransponder  on  up  to  six 
transponders  per  group:  number  of  spares  varies  with  num¬ 
ber  of  transponders  (54  versus  27  MHz  bandwidths)  and 
number  of  paralleled  TWTAs 
ERP  44.3/47. 1  dBW  (one/two  TWTAs) 

Receiver 

C:  5925  to  6425  MHz 

Two  active  plus  two  spare  receivers 


156 


3700- 

4200 


Ku:  14.0  to  14.5  GHz 
HEMT  preamplifiers 
Two  active  plus  two  spare  receivers 

Antenna 

Two  offset-fed  parabolic  reflectors,  each  beam  covers  the  50 
states  plus  Puerto  Rico  and  the  Virgin  Islands,  alternate  spot  beam 
for  Hawaii  (for  six  C-band  transponders),  dual  linear  polariza¬ 
tions 

Design  life 

Twelve  years 

Orbit 

Synchronous  equatorial.  89'W  and  97nW  longitude,  stationkeep¬ 
ing  to  ±0.05  N  S  and  E-W 

Orbital  history 

401:  launch  scheduled  F  ebruary  1993 
402:  launch  scheduled  early  1994 


Atlas  II  launch  vehicle 

Management 

Developed  for  AT&T  by  GE  Astro  Space 

Operated  by  AT&T 
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GE/RCA 

RCA  Corporation,  through  several  subsidiary  companies  (all  These  satellites  have  evolved  over  the  years.  All  have  similar 

with  the  RCA  name),  developed  domestic  communications  satel-  designs,  but  their  sizes  have  increased,  and  additional  equipment 

lites  1 1  -30 1  and  is  using  them  for  its  own  communications  net-  has  resulted  in  increased  reliability  and  life.  The  early  satellites 

work  and  for  lease  or  sale  to  others.  After  RCA  was  bought  by  had  two  sections  in  each  of  the  two  solar  panels,  whereas  the 

General  Electric  in  1986,  all  of  the  subsidiaries  gradually  changed  newer  satellites  have  three  sections  in  each  panel.  The  increased 

the  RCA  part  of  their  names  to  GE.  GE  has  two  types  of  satellites:  panel  size,  together  w  ith  increased  solar  cel)  efficiency,  enable 

the  C-band  satellites  have  been  in  orbit  since  1975  and  have  been  support  of  higher  power  payloads.  The  satellites'  evolution  con- 

improved  sev  eral  times;  the  Ku-band  satellites  w  ere  added  in  sists  of  three  groups:  1  through  4.  launched  from  1975  to  1982:  5. 

1985.  IR.  and  2R.  launched  from  1982  to  1983:  and  C  l  to  C-4. 

The  GE  C-band  satellites  have  a  boxlike  body.  Solar  panels  are  launched  beginning  in  1990.  The  RCA/GE  designation  for  all  of 

deployed  in  orbit  front  two  opposing  sides  of  the  body,  while  the  these  satellites  is  Satcont.  e.g..  Satcom  I R.  Satellite  details  are  as 

antennas  are  mounted  on  the  earth-facing  side.  The  satellite  body  follows,  with  C  designating  C-l  through  C-4. 

is  stabilized  to  keep  the  antennas  earth  oriented,  and  the  solar  ar¬ 
rays  are  rotated  about  their  axes  to  track  the  sun. 


159 


RCA  satellite  (5  anil  subsequent). 


Satellite 

Box.  47  x  64  x  44  in.  ( 1 . 2.  3.  3R.  4).  56  x  64  x  69  in.  (5,  I R,  2R). 
50  x  64  x  52  in.  (C)  wiih  antenna  and  feeds  fixed  on  one  end  and 
solar  panels  deployed  from  two  sides,  overall  span  31.4  ft  (1,  2)/ 
40.5  ft  (3.  3R,  4)/47.6  ft  (5,  1R,  2R);  overall  height  approximately 
1 14  in.  (1,  2 )/l 37  in.  (5.  IR.  2R) 

1020  lb  (1.2).  1280  lb  (3,  3R.  4),  1318  lb  (5.  1R,  2R,  C)  in  orbit, 
beginning  of  life 


RCA  communication  subsystem  ( /  through  3). 


W'rd 


Sun-tracking  solar  array  and  NiCd  ( 1.  2,  3.  3R.  4.  5.  IR.  2R )/ 
NiH?  (C)  batteries.  745  W  (1.  2)/ 1000  W  (3.  3R.  4)/1470  W  (5. 
IR.  2R)  at  beginning  of  life.  490  W  (1. 2)/700  W  (3.  3R.  4)  mini¬ 
mum  after  eight  years.  980  W  (5.  IR.  2R)  minimum  after  ten 
years.  1029  W  (C)  after  twelve  years 

Three-axis  stabilization  using  momentum  wheels  and  magnetic 
torquers.  ±0.2-deg  accuracy  ( 1.  2.  3.  3R.  4);  improving  to  ±0.05 
deg  (C) 

Horizontal 

polarization 


Satellites  from  3  on 
have  a  spare  amplifier 
for  each  group  of  6 


Solid  rocket  motor  for  apogee  maneuver,  monopropellant  liquid 
propulsion  for  on-orbit  use 

Configuration 

Twenty-four  34-MHz  bandwidth  single-conversion  repeaters, 
dual  polarization  frequency  reuse 

Capacity 

Up  to  1000  (1,2,  3,  3R.  4),  6000  (5,  1R,  2R)  one-way  voice  cir¬ 
cuits  or  64  Mbps  data  or  two  TV  programs  per  repeater 

Transmitter 

3700  to  4200  MHz 

One  5-W  TWT  per  repeater,  no  redundancy  (1,2) 

One  5. 5-W  TWT  for  each  of  eighteen  repeaters  plus  one  spare  per 
six  repeaters  and  one  8.5-W  TWT  for  each  of  six  repeaters  plus 
one  spare  (3.  3R.  4) 

One  8. 5/9. 5-W  transistor  amplifier  per  repeater  plus  one  spare  per 
six  repeaters  (5.  IR,  2R/C) 

ERP  per  repeater  at  edge  of  coverage:  32  dBW  (CONUS  and 
Alaska).  26  dBW  (Hawaii)  ( 1.  2,  3,  3R.  4);  34  dBW  (CONUS  and 
Alaska),  35  dBW  (CONUS).  37  dBW  (Alaska).  26  dBW  (Ha¬ 
waii)  (5,  IR.  2R,  C) 


Receiver 

5925  to  6425  MHz 

Four  receivers  (two  on,  two  standby) 

Tunnel  diode  preamplifer.  7-dB  nose  figure  (1.2);  FET  preampli¬ 
fier.  3.5-dB  noise  figure  (3,  3R.  4,  5.  IR,  2R) 

G/T  at  edge  of  coverage:  -6  dB/K  (1,2.  3,  3R,  4),  -3  dB/K  (5.  1 R. 
2R.  C)  (CONUS  and  Alaska);  - 1 0  dB/K  (1.2,  3.  3R.  4).  - 1 3  dB/K 
(5,  IR.  2R.  C)  (Hawaii) 

Antenna 

One  antenna  with  overlapping  gridded  reflectors,  one  for  horizon¬ 
tal  polarization  transmission  and  reception  and  one  for  vertical 
polarization,  each  with  feed  horns  for  CONUS/Alaska  coverage 
and  for  Hawaii  coverage.  (Satellite  5  has  only  Alaska/Hawaii 
coverage  on  horizontal  polarization),  one  (1.  2)/six  to  seven  (5. 
IR,  2R.  C)  feed  horns  per  polarization,  33-dB  isolation  between 
the  two  polarizations 

Design  life 

Seven  years  ( I.  2)/eight  years  (3.  3R,  4)/ten  years  (5,  IR.  2R )/ 
twelve  years  (C) 


Horizontal 

polarization 
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Orbit 

Synchronous  equatorial;  stationkeeping  to  ±0. 1°N-S  and  E-W  ( I 
to  5),  ±0.05°  N-S  and  E-W  (C) 

Orbital  history 

I:  launched  13  December  1975,  replaced  by  1R  in  summer/fall 
1983,  turned  off  June  1984  and  moved  above  synchronous  orbit 
2:  launched  26  March  1976,  replaced  by  2R  in  the  fall  of  1983. 
then  turned  off  and  moved  above  synchronous  orbit 
3:  launched  7  December  1979,  lost  at  apogee  motor  firing 
3R:  launched  19  November  1981.  in  use.  I31°W  longitude 
4:  launched  15  January  1982,  in  use,  82°W  longitude 
5:  launched  28  October  1982,  in  use,  I43°W  longitude,  named 
Aurora 

1R;  launched  1 1  April  1983,  in  use,  131°W  longitude 

2R:  launched  8  September  1983,  in  use.  72°W  longitude 

Delta  3914  (1.  2J/3910  (3.  3R.  4J/3924  (5.  1 R.  2R)  launch  vehicle 

C-l :  launched  20  November  1990.  in  use.  139°W  longitude 

C-2:  launch  schedule  uncertain 

C-3:  launch  schedule  uncertain 

C-4:  launch  schedule  mid  1992 

Ariane  launch  vehicle  (C- 1 .  C-3.  C-4) 

Management 

Developed  by  GE  Astro  Space  (formerly  RCA  Astro  Electronics) 
for  Americom  and  RCA  Alascom  (Alascom  Inc.,  since  1981 ) 
Operated  by  GE  (formerly  RCA)  Americom 

The  GE  satellite  C-band  communication  subsystem  is  similar 
to  that  of  the  AT&T  satellite  in  that  is  has  twenty-four  channels 
with  frequency  reuse  by  orthogonal  linear  polarizations.  The  sat¬ 
ellite  has  separate  antennas  for  the  two  polarizations.  The  anten¬ 
nas  are  physically  overlapping  but  each  responds  to  only  one 
polarization  because  of  embedded  polarizing  grids.  On  Satellites 
1  through  4.  the  main  beam  of  each  antenna  has  a  single  elliptical 
footprint  that  covers  CONUS  and  Alaska  (and  the  intervening 
part  of  Canada).  An  additional  offset  feed  horn  provides  a  sepa¬ 
rate  beam  for  coverage  of  Hawaii.  Beginning  with  Satellite  5.  a 
different  feed  structure  is  used,  permitting  coverage  of  these  two 
areas  and  of  CONUS  alone  or  Alaska  alone.  Switching  between 
different  coverage  patterns  is  possible.  The  first  satellites  used 
one  TWT  per  repeater  with  no  redundancy.  The  next  set  had  one 
spare  TWT  for  each  six  repeaters,  for  improved  reliability.  On  the 
newest  satellites,  solid-state  (FET)  amplifiers  have  replaced  the 
TWTs.  again  with  one-for-six  redundancy.  These  amplifiers  have 
better  linearity  and  lower  AM/PM  (amplitude  to  phase  modula¬ 
tion)  conversion  than  TWTs.  affording  up  to  5()r/r  capacity  in¬ 


crease  in  multiple  carrier  per  repeater  operation.  The  original 
communication  subsystem  is  shown  as  well  as  the  new  subsystem 
with  various  improvements. 

The  first  satellites  were  the  first  to  use  the  Delta  launch  vehicle 
Model  3914.  This  version  of  the  Delta  was  developed  to  meet 
RCA  requirements  and  was  partially  funded  by  RCA.  marking 
the  first  time  a  launch  vehicle  development  was  privately  spon¬ 
sored.  The  first  launch  was  in  December  1975  and  the  second  in 
March  1976.  A  third  launch  in  1979  was  unsuccessful:  the  satel¬ 
lite  was  destroyed  during  apogee  motor  tiring.  Since  then,  there 
have  been  five  successful  launches,  one  in  1981  and  two  each  in 
1982  and  1983. 

The  two  satellites  launched  in  1983,  generally  called  1R  and 
2R.  have  replaced  the  first  two.  Satellite  3R.  which  replaced  the 
one  destroyed,  and  Satellite  4  are  also  actively  used  by  GE.  Satel¬ 
lite  5  w'as  sold,  prior  to  launch,  to  Alascom.  Inc.  which  provides 
long-distance  communications  w  ithin  Alaska  and  between  Alaska 
and  other  states.  Aurora  II.  described  later,  w  ill  replace  Satellite  5 
for  Alaskan  service.  Satellite  C-l.  launched  in  1990.  replaced  1R. 
which  was  moved  to  colocate  it  with  3R.  These  two  satellites, 
along  with  2R  and  4.  will  be  replaced  by  C-2  through  C-4  by 
1993. 

GE  takes  care  of  satellite  command  and  telemetry  for  both  its 
own  satellites  and  the  Alascom  satellite.  The  primary  control  site 
is  integrated  w  ith  a  communications  terminal  in  New  Jersey.  An¬ 
other  control  site  in  New  Jersey  was  activated  in  1985.  A  second¬ 
ary  control  site  is  integrated  with  another  communications 
terminal  in  Southern  California.  GE  has  about  twelve  major  com¬ 
munications  terminals  for  commercial  traffic  of  all  types.  GE  also 
owns  about  twenty-five  terminals  in  its  government  services  net¬ 
work. 

The  commercial  terminals  handle  primarily  voice  and  data 
traffic.  The  government  services  network  is  all  data  with  link 
rates  varying  from  56  kbps  to  50  Mbps.  The  primary  customer  is 
NASA.  The  biggest  use  of  the  GE  satellites  is  for  distribution  of 
telev  ision  programming.  Two  satellites  are  wholly  assigned  to 
this  service,  and  several  channels  on  other  satellites  are  also  used. 
Transmission  techniques  in  the  G E  system  include  FM/TV.  with 
either  one  or  two  channels  per  transponder.  FDM/FM/FDMA  for 
multiple  '  rice  circuits.  SCPC/QPSK  for  data,  and  SCPC/FM  for 
voice.  In  recent  years,  companded  SSB  has  begun  to  displace 
FDM/FM  for  hi.  h-capacity  voice  trunks,  since  the  number  of 
voice  circuits  pc  transponder  can  be  increased  three  to  four 
times.  Error  correction  coding  is  used  on  many  links.  TDMA  is 
used  in  a  network  that  provides  voice  and  data  communications 
for  the  governmen’. 
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The  C ili  Ku-baiul  satellites  look  similar  to  the  C-hand  satel¬ 
lites.  The  stahili/ation  subsystem  has  been  improved  to  improve 
pointing  accuracy.  Electrothermal  hydra/inc  thrusters,  also  used 
on  Satellites  C- 1  through  C-4.  have  replaced  four  catalytic  hydra¬ 
zine  thrusters  for  more  efficient  stationkeeping  maneuvers.  Heat 
pipes  have  replaced  heat  spreaders  on  the  north  and  south  faces  of 
the  body,  where  the  communication  subsystem  is  mounted.  This 
reduces  weight  and  improv  es  thermal  control.  The  solar  array  has 
four  panels  per  side,  rather  than  three  on  the  C-band  satellites,  be¬ 
cause  of  the  larger  power  requirement  of  the  communication  sub¬ 
system. 

The  communication  subsystem  has  sixteen  channels,  each 
w  ith  a  54-MHz  bandw  idth.  The  first-stage  amplifier  in  the  receiv¬ 
er  is  an  FF:T  thermoelectrically  cooled  It'  -5()°C  to  reduce  system 
noise.  This  is  the  first  time  a  thermoelectric  cooler  has  been  used 
in  a  long-life  communication  satellite.  The  TWTs  have  a  power 
rating  of  45  W — an  increase  from  the  power  levels  used  on  other 
satellites.  Within  the  communication  subsystem,  the  channels  are 
handled  in  two  groups  of  eight.  Each  group  has  three  spare  TWTs. 


After  the  TWT.  each  channel  has  a  variable  power  div  ider,  which 
can  send  the  power  to  the  east  beam  or  the  west  beam  or  to  both. 
The  separation  between  the  east  and  west  beams  is  approximately 
a  line  from  the  west  side  of  Minnesota  to  the  western  tip  of  Texas. 
Thus,  each  beam  roughly  matches  two  time  zones.  Together,  the 
beams  provide  CONUS  coverage.  All  reception  uses  CONUS 
coverage.  The  satellites  do  not  have  beams  for  Alaska  or  Hawaii. 

Two  Satcom  Ku  satellites  have  been  launched,  late  in  1985 
and  early  in  1986.  Uses  of  these  satellites  are  similar  to  those  for 
the  C-band  satellites.  Ground  antenna  diameters  of  3  to  6  ft  pro¬ 
vide  equivalent  reception  quality  to  10-  to  15-ft  antennas  at  C- 
band.  Another  benefit  of  Ku-band  is  that  interference  front  terres¬ 
trial  uses  of  the  spectrum  is  not  the  problem  that  it  is  in  C-band. 
so  Ku-band  antennas  have  fewer  siting  constraints.  The  third  and 
fourth  Satcom  Ku  satellites  were  being  built  for  a  joint  venture 
with  Home  Box  Office  (a  cable  television  company).  They  were 
to  be  dedicated  to  television  distribution  to  cable  systems.  How¬ 
ever.  this  business  plan  was  changed,  and  the  partially  built  satel¬ 
lites  were  offered  for  sale.  They  were  bought  separately,  modified 
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for  their  new  owners,  and  became  Luxembourg's  Astra  IB  and 
Intelsat  K.  Characteristics  of  Ku  Satellites  I  and  2  are  as  follows: 

Satellite 

Rectangular  body,  approximately  5-1/2  x  7  x  7  ft.  overall  height, 
including  antenna  feed  tower.  10  ft,  span  of  deployed  solar  array 
>50  ft 

Approximately  2060  lb  in  orbit 

Sun-tracking  solar  array  and  NiH^  batteries,  approximately  3000 
W  at  beginning  of  life,  approximately  2500  W  after  ten  years 
Three-axis  stabilization  using  momentum  wheels  and  magnetic 
torquers.  ±0.05-deg  antenna  pointing  accuracy 
Solid  rocket  motor  for  apogee  maneuver,  liquid  monopropellant 
propulsion  for  on-orbit  use 

Configuration 

Sixteen  54-MHz  bandwidth  repeaters.  dual-polari?.ation  frequen¬ 
cy  reuse 

Transmitter 

11.7  to  12.2  GHz 

One  45-W  TWT  per  repeater,  three  spares  per  eight  repeaters 
ERP  per  repeater 

CONUS:  38  dBW  (minimum)  43  dBW  (>95%  of  CONUS) 

West:  45  dBW  (minimum),  most  areas  46  to  48  dBW 
East:  39  dBW  (minimum),  most  areas  45  to  47  dBW 

Receiver 

14.0  to  14.5  GHz 

Four  receivers  (two  on.  two  standby) 

Cooled  FET  preamplifier.  2-dB  noise  figure 

Antenna 

Two  reflectors  (one  for  horizontal  and  one  for  vertical  polariza¬ 
tion),  60-in.  diam,  each  with  nine  feed  horns  for  east  coverage 
and  five  for  west  coverage  (all  feeds  combine  for  CONUS  cover¬ 
age) 

Design  life 

Ten  years 

Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0. 1°N-S  and  E-W 

Orbital  history 

2:  launched  27  November  1985  (deployed  from  Shuttle.  28  No¬ 
vember).  in  use,  8I°W  longitude 

I:  launched  12  January  1986  (deployed  from  Shuttle.  12  Janu¬ 
ary).  in  use.  85°W  longitude 
Shuttle  launch  vehicle  (1,2) 

Management 

Developed  by  RCA  Astro  Electronics  for  RCA  Americom 
Operated  by  RCA  Americom  (now  GE  Americom) 
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Satellite  Business  Systems 


Satellite  Business  Systems  (SBS)  was  the  fourth  domestic  sys¬ 
tem  to  be  authorized  [  1  - 1 7 1  and  the  first  to  use  the  12-  and  14- 
GHz  frequencies.  When  the  system  was  authorized,  IBM,  Aetna, 
and  Comsat  Corporation  each  owned  one-third  of  SBS.  In  1984. 
Comsat  sold  its  shares  to  the  other  two  partners.  In  1985,  IBM 
and  Aetna  sold  SBS  to  MCI  Communications  Corporation.  Aetna 
received  cash  and  IBM  received  MCI  stock  plus  ownership  of 
SBS  Satellites  4  through  6.  IBM  transferred  these  three  satellites 
to  a  subsidiary.  IBM  Satellite  Transponder  Leasing  Corporation. 
This  subsidiary  and  its  three  satellites  were  sold  to  Hughes  Com¬ 
munications  in  1989.  Among  the  SBS  satellites,  the  first  five  have 
the  same  design:  SBS  6  is  larger  and  has  more  channels  and  high¬ 
er  performance. 

SBS  Satellites  I  through  5  are  very  similar  in  design  to  Anik  C 
and  several  other  domestic  satellites.  During  launch,  the  satellite 
is  a  compact  cylinder.  In  orbit,  the  antenna  unfolds  from  one  end 
of  the  satellite,  and  a  cylindrical  solar  array  is  deployed  axially  at 
the  other  end.  When  the  solar  array  is  deployed,  it  reveals  the 
main  cylindrical  body  of  the  satellite,  which  is  also  covered  with 
solar  cells  except  for  a  mirrored  band  that  serves  as  a  thermal  ra¬ 
diator.  The  satellite  details  are  as  follows: 

Satellite 

Cylinder.  85-in.  dia..  260-in.  height  (21.7  ft)  in  deployed  condi¬ 
tion 

1220  ( I -4 (/approximately  1360  (5)  lb  in  orbit,  beginning  of  life 
Solar  cells  and  NiCd  batteries.  900  ( l-4)/approximately  1000  (5) 
W  nominal,  approximately  830  ( 1-4)  W  minimum  after  seven 
years 

Spin-stabilized,  gyrostat.  50  to  90  rpm  (50  rpm  nominal),  antenna 
pointing  to  better  than  0.05  deg 

Solid  rocket  motor  for  apogee  maneuver,  monopropellant  liquid 
propulsion  for  on-orbit  use 

Configuration 

Ten  43-MHz  bandwidth  single-conversion  repeaters  ( 1-5).  plus 
four  1 10-MHz  bandwidth  single-conversion  repeaters  on  the  or¬ 
thogonal  polarization  (5) 

Transmitter 

11.703  to  12.188  GHz 

One  20-W  TWT  per  repeater  plus  six  ( l-4)/ten  (5)  spares  per  sat¬ 


ellite,  five  channels  may  be  switched  to  use  two  TWTs  in  parallel 
(5) 

Minimum  40.0-dBW  ERP  over  most  of  CONUS,  4 1.7  dBW  over 
most  of  the  eastern  third  of  CONUS  (1-4) 

Receiver 

14.003  to  14.488  GHz 

Redundant  receivers  (one  on.  three  spare) 

>-2.5  dB/K  G/T  over  most  of  CONUS.  >0  dB/K  over  most  of  the 
eastern  third  of  CONUS 

Antenna 

Two  72-in. -dia.  paraboloids  occupying  the  same  aperture  and 
with  orthogonal  linear  polarizations,  beam  shaped  for  CONUS 
coverage  and  weighted  to  emphasize  eastern  part  of  CONUS  (see 
SBS  coverage  regions  figure  for  details),  ten  transmit  and  fifteen 
receive  feed  horns,  additional  feed  horns  for  Alaska  and  Hawaii 
(3) 

Design  life 

Seven  ( l-4)/ten  (5)  years 

Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0.03°N-S  and  E-W 
(goal).  ±0.05  deg  (maximum) 

Orbital  history 

1:  launched  15  November  1980.  spare  in  1986.  moved  above  syn¬ 
chronous  orbit  in  1990 

2:  launched  24  September  1981.  in  use.  97°W  longitude.  3-deg 
inclination  in  1991 

3:  launched  1 1  November  1982.  in  use.  95°W  longitude 
4:  launched  30  August  1984.  (deployed  from  Shuttle.  31  August), 
in  use.  91°W  longitude 

5:  launched  8  September  1988.  in  use.  I23°W  longitude 
Delta  3910/PAM  launch  vehicle  ( I  and  2).  Shuttle/PAM  (3  and 
4).  Ariane/PAM  (5) 

Management 

Developed  by  Hughes  Aircraft  Company  for  Satellite  Business 
Systems 
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The  communication  subsystem  is  relatively  simple.  It  has  ten 
channels  that  use  a  common  broadband  receiver  and  individual 
transmitters.  There  are  sixteen  transmitter  sections,  each  consist¬ 
ing  of  a  low-level  amplifier  and  a  20-W  TWT  connected  through 
switching  networks  to  provide  six  spares  for  the  ten  channels.  The 
antenna  is  hinged  for  deployment  and  for  north-south  pointing. 
East-west  pointing  is  accomplished  by  adjusting  the  pointing  of 
the  despun  communications  equipment  shelf  on  which  the  anten¬ 
na  is  mounted.  Pointing  control  is  derived  from  signals  produced 
by  a  four-horn  monopulse  network  integrated  with  the  regular  re¬ 
ceive  horns.  The  receiving  and  transmitting  antenna  feeds  are 


separate  multihorn  arrays,  which  provide  a  weighted  beam  that  is 
strongest  in  the  eastern  part  of  the  United  States,  as  noted  in  the 
SBS  coverage  regions  figure  and  in  Table  I . 

The  fifth  satellite  has  four  additional  channels,  each  with  1 10- 
MHz  bandwidth.  They  are  accommodated  by  using  receiving  and 
transmitting  polarization  orthogonal  to  those  used  for  the  basic 
ten  channels.  The  number  of  driver  amplifiers  and  TWTs  has  been 
increased  to  twenty-four,  providing  ten  spares  on  the  satellite. 
Also,  the  antenna  feed  structure  has  been  enlarged  to  provide  cov¬ 
erage  of  Alaska  and  Hawaii.  Satellite  weight  and  power-generat¬ 
ing  capability  have  increased  slightly  to  accommodate  the  extra 
equipment. 

SBS  ordered  three  satellites  at  the  end  of  1977  and  one  more 
each  in  1982.  1983.  and  1985.  The  first  was  launched  late  in  1980 
and  the  second  in  198).  The  third  was  launched  in  November 
1982  on  the  first  Shuttle  flight  to  deploy  commercial  payloads, 
and  the  fourth  was  launched  in  August  1984.  All  four  satellites  are 
operational.  The  fifth  was  launched  in  September  1988. 

SBS  Satellite  6  is  a  larger  satellite  that  provides  significantly 
more  capacity  than  the  earlier  SBS  satellites.  It  appears  very  sim¬ 
ilar  to  the  original  SBS  satellites  but  is  67#  larger  in  diameter  and 
42#  larger  in  height.  The  antenna  and  the  lower  solar  panel  stow 
for  launch  and  deploy  in  orbit  in  the  same  way  as  the  other  SBS 
satellite.  Besides  size,  the  difference  in  the  support  subsystems 
includes  a  change  to  a  NiHi  battery  and  the  use  of  all  internal  pro¬ 
pulsion.  The  satellite  contains  a  solid  propellant  perigee  stage  and 
a  bipropellant  liquid  subsystem  used  for  perigee  augmentation, 
the  apogee  maneuver,  and  on-orbit  control. 

The  communication  subsystem  uses  dual-polarization  fre¬ 
quency  reuse.  Ten  channels  are  on  one  polarization  and  nine  on 
the  other.  Each  has  a  43-MHz  bandw  idth.  The  two  input  polariza¬ 
tions  are  connected  to  two  of  the  four  receivers.  In  the  transmitter 
section,  there  are  thirty  driver  amplifiers  and  TWTs.  Each  channel 
uses  one  amplifier  set  with  eleven  spares  available.  The  TWT 
power  is  41  W — about  twice  the  power  in  the  previous  satellites. 
Also,  as  with  SBS  5.  the  antenna  pattern  includes  Alaska  and  Ha¬ 
waii.  SBS  6  was  launched  in  1990.  although  an  earlier  launch  was 
desired.  Other  satellite  details  are  as  follow  s: 

Satellite 

Cylinder.  1 1.8-ft  dia..  1 1.8-ft  height  stowed  for  launch.  30.8-ft 
height  deployed  in  orbit 

Approximately  2400  lb  in  orbit,  beginning  of  life:  approximately 
2280  lb  after  ten  years 

Solar  cells  and  NiHi  batteries.  2240-W  minimum  after  ten  years 
Spin-stabilized,  gyrostat,  antenna  pointing  to  better  than  0.05  deg 
Unified  bipropellant  propulsion  for  perigee  maneuver  augmenta¬ 
tion.  apogee  maneuver,  and  on-orbit  use 

Configuration 

Nineteen  43-MHz  bandwidth  single-conversion  repeaters,  dual¬ 
polarization  frequency  reuse 

Transmitter 

1 1.7  to  12.2  GHz 

One  4 1  - W  TWT  per  repeater  plus  eleven  spares  per  satellite 
ERP:  >41  dBW  (95#  of  CONUS).  >44  dBW  (most  of  eastern 
half  of  CONUS).  4 1  to  44  dBW  (populous  parts  of  Alaska). 
45  dBW  (Hawaii) 

Receiver 

14.0  to  14.5  C.Hz 
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Four  receivers  (two  on.  two  standby ) 

(i/T:  >-0.6  elB/K  (90N  of  CONUS).  >1.4  dB/K  (most  of  eastern 
half  of  CONUS).  -3.6  dB  (Hawaii.  Alaska) 

Antenna 

Two  7.9-ft-dia.  parabolic  relleetors  occupying  the  same  aperture 
and  using  orthogonal  linear  polarizations.  beam  shaped  for  CO¬ 
NUS  plus  Alaska  with  weighting  for  eastern  CONUS,  secondary 
beam  for  Hawaii 

Design  life 

Ten  years 

Orbit 

Synchronous  equatorial,  stationkeeping  to  ±().()3°N-S  and  E-W 
(goal).  ±0.03  deg  (maximum) 

Orbital  history 

6:  launched  12  October  1990.  99°W  longitude 
Ariane  launch  vehicle 

Management 

Developed  by  Hughes  Aircraft  Company  for  Satellite  Business 
Systems,  sold  to  Hughes  Communications  prior  to  launch 
Operated  by  Hughes  Communications 


Table  I.  Minimum  Performance  Requirements 


REGION 

RECEIVE  G/T,  dB/K 

TRANSMIT  ERP,  dBW 

1 

+  2.0 

43.7 

2 

0 

41.7 

3 

-2.5 

40.0 

4 

-5.5 

37.0 

5 

-4.5 

38.0 

6 

-5.5 

39.0 

San  Francisco 

+  0.5 

42.0 

Los  Angeles 

-0.3 

41.2 

The  SBS  network  was  designed  to  provide  integrated  voice 
and  data  services  primarily  to  large  corporations  that  have  facili¬ 
ties  at  several  sites  in  the  United  States.  The  SBS  design  was 
unique  in  serving  only  CONUS  and  in  using  digital,  demand-as¬ 
signed.  TDMA  links  for  all  transmissions.  The  system  as  original¬ 
ly  operated  followed  this  plan,  with  corporate  customers  served 
bv  means  of  either  on-site,  dedicated  terminals  or  by  sharing  a 
terminal  w  ith  several  customers  in  a  local  area.  In  an  effort  to  in¬ 
crease  revenue.  SBS  began  offering  long-distance  service  to  resi¬ 
dential  customers  as  well. 

The  services  provided  to  the  majority  of  customers  are  dedi¬ 
cated  digital  networks  connecting  two  or  more  sites.  The  capacity 
of  the  links  can  be  allocated  by  equipment  at  the  sites  among  var¬ 
ious  uses,  including  voice  circuits,  video  conferencing,  and  data 
and  facsimile  transmissions.  For  multisite  customers,  their  total 
network  capacity  can  be  allocated  among  the  various  possible 
links  to  meet  changing  needs  on  a  daily  or  long-term  basis.  SBS 
also  provides  general-purpose  long-distance  communications  be¬ 
tween  a  number  of  their  own  terminals  for  residential  customers, 
and  for  ousiness  customers  who  are  too  small  to  justify  the  equip¬ 
ment  necessary  for  a  dedicated  network.  Other  uses  of  the  satel¬ 
lites  include  a  small  amount  of  broadcast  television  distribution 
and  some  occasional-use  video  conferencing.  With  the  change  in 
ownership  to  MCI.  beginning  in  1986  there  is  a  rebalancing  of 
traffic  between  the  satellite  links  and  MCTs  terrestrial  facilities  to 
optimize  the  use  of  each. 

The  SBS  ground  terminals  include  an  antenna,  an  exterior 
equipment  shelter,  and  some  equipment  inside  a  customer’s 
building.  Most  antennas  are  about  1 8  ft  in  diameter.  Some,  for  use 
in  regions  of  very  high  rainfall  or  lower  satellite  performance,  are 
about  24  ft  in  diameter.  SBS  ordered  200  terminals,  half  from 
each  of  two  manufacturers.  It  installed  them  as  required  to  serv  e 
its  customers.  In  1984.  SBS  started  operations  w  ith  the  first  set  of 
a  total  of  181  ground  terminals  being  installed  for  distribution  of 
NBC  network  television.  These  terminals  have  20-  or  26-ft-diam- 
eter  antennas.  MCI  plans  to  expand  data  serv  ice  through  the  satel¬ 
lites  by  designing  networks  that  can  work  w  ith  smaller  terminals 
than  these. 

The  SBS  satellites  are  controlled  from  TT&C  sites  at  Castle 
Rock.  Colorado,  and  Clarksburg.  Maryland. 


SRS  coverage  regions. 


Both  sites  have  the  same  TT&C  equipment, 
but  the  system  data  processing  and  control 
center  is  at  the  Maryland  site.  The  Colorado 
site  is  the  primary  beacon  transmitter.  The 
satellites  use  the  received  beacon  for  anten¬ 
na  pointing  control. 
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Hughes  Communications  (Galaxy) 


Hughes  Communications  Inc.  ( HCI )  is  a  subsidiary  of  Hughes 
Aircraft  Company.  HCI  1 1  -3 1  began  operations  in  1983  with  the 
first  of  its  Galaxy  satellites  and  had  two  more  in  orbit  by  the  end 
of  the  next  year.  In  1988.  it  acquired  three  more  satellites  in  orbit 
by  purchasing  Westars  111.  IV.  and  V  from  Western  Union.  The 
purchase  included  a  fourth  Westar  which  was  in  storage  on  the 
ground.  HCI  took  control  of  these  satellites  in  January  1990.  Lat¬ 
er  that  year.  HCI  purchased  three  more  satellites  from  IBM's  Sat¬ 
ellite  Transponder  Leasing  Corporation.  They  are  SBS  4  and  5. 
acquired  in  orbit,  and  SBS  6.  which  was  launched  later. 

The  first  three  Galaxy  satellites  and  the  three  Westars  in  orbit 
all  operate  in  C-band  (4  and  6  GHz)  and  all  need  to  be  replaced 
between  1990  and  1993.  The  SBS  satellites  operate  in  Ku-band 
( 12  and  14  GHz).  Only  SBS  4  requires  replacement  in  that  same 
period.  The  replacements  are  two  types  of  Galaxy  satellites.  Their 
numbering  relates  to  the  satellites  they  replace  and  hence  are  not 
in  order  of  their  expected  launches. 

The  first  set  of  replacements  are  Galaxy  V.  VI,  and  IR  (R  for 
replacement  of  Galaxy  1).  Galaxy  VI  is  the  renamed  Western 
Union  ground  spare.  These  three  satellites  operate  in  C-band.  The 
second  set  of  replacements  are  Galaxy  IV.  VII.  and  VIII.  These 
satellites  have  a  completely  different  design  and  operate  in  both 
C-band  and  Ku-band. 

The  C-band  Galaxy  satellites  have  the  same  design  as  Westar 
IV  and  V.  a  design  shared  by  the  satellites  of  several  other  sys¬ 
tems.  All  of  the  satellites  have  the  same  body  w  ith  the  cylindrical, 
deployable  solar  array  and  the  mirrored  thermal  radiator  band. 
Also,  all  have  a  deployable  antenna  attached  to  a  despun  commu¬ 
nications  equipment  platform  on  the  end  opposite  the  deployable 
solar  array.  The  satellite  is  about  7  ft  in  diameter  and  only  9  ft  in 
the  stowed,  launch  configuration,  but  over  22  ft  when  deployed. 
The  Galaxy  V.  VI,  and  IR  satellites  are  taller  than  the  Galaxy  I  to 
111  satellites:  the  extra  body  height  allows  more  surface  area  for 
solar  cells,  to  provide  more  power.  The  extra  power  supports 
higher  transmitter  power.  Galaxy  V,  VI.  and  IR  also  have  higher 
reliability  and  longer  life  than  the  earlier  Galaxy  satellites.  Other 
details  of  these  satellites  (I  to  III.  V.  VI.  IR)  are  as  follows: 

Satellite 

Cylinder.  85-in.  dia..  21  ft  8  in./24  ft  7  in.  (I-llf/V.  VI.  IR)  in  de¬ 
ployed  condition 

Approximately  1200/1400  lb  (I-III/V.  VI.  IR)  in  orbit,  beginning 
of  life 

Solar  cells  and  NiCd  batteries,  approximately  990  W  beginning 
of  life  (LIU) 

Spin-stabilized,  gyrostat,  approximately  50  rpm 

Solid  rocket  motor  for  apogee  maneuver,  monopropellant  liquid 

propulsion  for  on-orbit  use 

Configuration 

Twenty-four  36-MHz  bandwidth  single-conversion  repeaters, 
dual-polarization  frequency  reuse 

Capacity 

Approximately  1000  voice  circuits  or  one  TV  signal  per  repeater 

Transmitter 

3702  to  4 1 98  MHz 

Thirty  9/IO-W  (l-III/VI)  TWTAs  arranged  in  six  groups  to  pro¬ 
vide  four  active  and  one  spare  amplifier  for  every  four  repeaters 


Galaxy  l-lll  satellite. 


Thirty  16-W  TWTAs  (V.  IR)  to  provide  twenty-four  active  and 
six  spares 

ERP.  minimum  over  specified  area.  33-34/34-35/36-37  dBW 
(CONUS).  29-30/33/35  dBW  (Alaska),  28-29/29/31  dBW  (Ha¬ 
waii).  28-30/29-31/31  dBW  (Puerto  Rico),  for  Satellites  I.  II.  Ill/ 
Vl/V.  IR 


Receiver 

5927  to  6423  MH/ 

Two  active  plus  two  spare  receivers 

G/T.  minimum  over  specified  area.  -2  to  -4  dB/K  (CONUS).  -5 
to  -7.5  dB/K  (Alaska).  -7.5  to  -9  dB/K  (Hawaii).  -6  to-l()dB/ 
K  (Puerto  Rico) 

Antenna 

Two  72-in. -diam  paraboloids  with  polarizing  grids,  one  behind 
the  other,  each  handles  one  of  two  orthogonal  linear  polarizations 

Design  life 

Nine  (I-lll).  ten  (VI).  and  twelve  (V.  IR)  years 


Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0.1  N-S  and  E-W 

Orbital  history 

I:  launched  28  June  1983.  in  use.  134  W  longitude 

II:  launched  22  September  1983.  in  use.  74'W  longitude 

III:  launched  21  September  1984.  in  use.  93.5  W  longitude 

Delta  3920/PAM  launch  vehicle 

VI:  launched  12  October  1990.  spare.  9 1  W  longitude 

Ariane  launch  vehicle 

V:  launch  scheduled  late  1991.  will  replace  Westar  V  at  122  W 
longitude 
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(inlaw  IV.  VII  satellite. 


IR:  launch  scheduled  1992.  will  replace  Galaxy  I  at  133°W  longi¬ 
tude 

Atlas  II  launch  vehicle 

Management 

Developed  by  Hughes  Aircraft  Company  for  Hughes  Communi¬ 
cations.  Inc. 

Operated  by  Hughes  Communications.  Inc. 

The  communication  subsystem  operates  in  the  4-  and  6-GH/ 
bands.  It  has  the  common  arrangement  of  twenty-four  channels 
with  twelve  on  each  of  two  orthogonal  polarizations.  There  are 
four  wideband  receivers,  one  for  each  polarization  and  two 
spares.  The  transmitter  has  one  amplifier  per  channel  w  ith  one 
spare  for  every  four  channels. 

The  first  Galaxy  satellite  was  launched  in  June  1983.  Its  as¬ 
signed  location  prov  ides  visibility  to  all  fifty  states  and  Puerto 
Rico.  In  1981 .  HCI  started  selling  channels  on  this  satellite  to  dis¬ 
tributors  of  television  programming.  The  sales  gave  the  distribu¬ 
tors  control  over  their  ow  n  satellite  resources.  In  turn,  the  use  of 


satellites  acquired  in  1990.  and  on  a  long-term  basis  by  Galaxy 
Satellites  IV  and  VII.  These  later  satellites  have  both  C-band.  to 
continue  the  missions  of  the  earlier  Galaxy  and  Westar  satellites, 
and  Ku-band.  to  replace  the  SBS  satellites. 

Galaxy  IV  and  VII.  plus  a  spare  satellite  (Galaxy  VIII)  being 
built  w  ith  them,  are  three-axis-stabilized.  They  use  a  new  satellite 
design  of  Hughes  Aircraft,  which  also  is  the  basis  for  the  Navy's 
UHF  Follow-On  and  Aussat  B.  The  satellites  are  larger  than  the 
design  common  to  the  earlier  Galaxy.  Westar.  and  SBS  satellites. 
The  larger  design  allows  twice  as  much  communications  payload 
to  be  curried.  This  pay  load  makes  full  use  of  the  allocated  fre¬ 
quency  bands  at  both  4/6  GHz  and  12/14  GHz.  Details  of  the  sat¬ 
ellite  and  payload  are  as  follows: 

Satellite 

Rectangular  body,  approximately  6x7x7  ft.  span  of  solar  array 
approximately  80  ft 

Approximately  36(H)  lb  in  orbit,  beginning  of  life 
Sun-tracking  solar  arrays  and  NiH2  batteries,  approximately 
4600  W  in  orbit,  beginning  of  life 
Three-axis-stabilized  using  gimballed  momentum  wheels 
Unified  liquid  bipropellant  propulsion  for  apogee  maneuver  and 
on-orbit  use 


one  satellite  by  so  many  distributors  was  an  inducement  to  many 
cable  television  system  operators  to  install  an  antenna  to  receive 
the  programming  available  on  Galaxy  I.  At  present,  about  twenty 
channels  are  in  use  with  the  others  as  reserves  but  available  for 
occasional,  preemptible  uses. 

Galaxy  II.  launched  in  September  1983.  and  Galaxy  III. 
launched  in  September  1984.  are  located  farther  east  and  have 
poor  v  isibility  from  Alaska  and  Haw  aii.  They  are  being  used  pri¬ 
marily  for  business  communications  in  CONUS,  including  tele¬ 
phone.  data,  and  video  conferencing  applications. 

The  Galaxy  satellites  are  operated  from  a  control  center  in  the 
HCI  facility  in  l.os  Angeles.  The  primary  TT&C  site  is  located 
near  New  York  City.  Another  site  is  in  Ventura  County,  about  50 
miles  north  of  Los  Angeles. 

The  Westar  and  SBS  satellites  purchased  by  HCI  are  described 
in  separate  prior  sections. 

In  1983.  HCI  applied  for  permission  to  operate  another  set  of 
Galaxy  satellites  in  Ku-band.  These  satellites  were  proposed  to 
have  sixteen  channels  each,  w  ith  T WTA  powers  of  40  to  50  W 
per  channel.  These  satellites  were  authorized  in  1985  but  never 
built.  Their  function  was  replaced  on  an  interim  basis  by  the  SBS 


Configuration 

4/6  GHz:  twenty-four  36-MHz.  bandwidth  single-conversion  tran¬ 
sponders,  dual-polarization  frequency  reuse 
12/14  GHz:  sixteen  27-MHz  bandw  idth  and  eight  54-MHz  band¬ 
width  single-conversion  transponders,  dual-polarization  frequen¬ 
cy  reuse 

Transmitter 

4/6  GHz:  3702  to  4 1 98  MHz 

Thirty  16-W  solid-state  amplifiers  arranged  in  two  groups  of 
fifteen  to  provide  twelve  active  plus  three  spare  amplifiers 
ERP  >40  dBW  (peak).  37  dBW  (most  of  CONUS).  35  dBW 
(CONUS  minimum).  35  dBW  (southeastern  Alaska).  32 
dBW  (Puerto  Rico).  31  dBW  (Hawaii) 

1 2/14  GHz:  1 1.706  to  12.197  GHz 

Thirty  50- W  TWTAs  arranged  in  two  groups  of  fifteen  to 
provide  twelve  active  plus  three  spare  amplifiers 

Receiver 

4/6  GHz:  5927  to  6423  MHz 
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G/T  >+2  dB/K  (peak).  -I  to  -2  dB/K  (most  of  CONUS).  -3 
to  -4  dB/K  (CONUS  minimum).  -4  to  -5  dB/K  (southeast¬ 
ern  Alaska).  -6  dB/K  (Puerto  Rico).  -10  dB/K  (Hawaii) 


tions 

12/14  GH/:  one  offset-fed  parabolic  reflector,  dual  linear  polar 
i /at  ions 


12/14  GH/:  14.006  to  14.407  GH/ 

Two  active  plus  two  spare  receivers 
HKMT  preamplifiers.  2-dB  noise  figure 


Design  life 

Twelve  years 
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a  b 


Orbit 

Synchronous  equatorial 

Orbital  history 

IV:  launch  planned  end  of  1992.  will  go  to  99°W  longitude 
VII:  launch  planned  third  quarter  1992.  w  ill  go  to  9I°W  longitude 
Ariane  launch  vehicle 


Management 

Developed  by  Hughes  Aircraft  Company  for  Hughes  Communi¬ 
cations,  Inc. 

Operated  by  Hughes  Communications.  Inc. 

The  4/6  GHz  communication  subsystem  is  a  twenty-four  tran¬ 
sponder  design  similar  to  the  earlier  Galaxy  satellites.  Added 
equipment  allows  optional  upconversion  of  two  transponder  pass- 
bands  for  transmission  a!  12  GHz.  The  4/6  GHz  antenna  pattern 
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covers  all  of  CONUS  with  decreasing  performance  over  Alaska 
and  the  Caribbean  and  has  a  secondary  beam  for  Hawaii. 

The  12/14  GHz  subsystem  has  sixteen  27-MHz  bandwidth 
transponders  on  one  polarization  and  eight  54-MHz  transponders 
on  the  other  polarization.  Two  of  the  latter  transponders'  pass- 
bands  may  be  downconverted  for  transmission  at  4  GHz.  The  re¬ 
ceivers'  antenna  pattern  covers  CONUS  plus  surrounding  areas. 
The  transmitters'  antenna  pattern  covers  only  CONUS  except  for 
an  optional  pattern  that  includes  the  surrounding  areas.  Four  tran¬ 
sponders  may  be  individually  switched  to  this  broader  coverage. 

Galaxy  IV  and  VII  are  in  development  and  will  be  launched  in 
1992.  Galaxy  VIII  will  remain  on  the  gr  uind  as  a  spare. 
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Spacenet 


Spacenet  satellite. 


Southern  Pacific  Communications  Company  (SPC'C)  had.  for 
mans  sears,  operated  a  network  for  dedicated  and  public  long¬ 
distance  telephone  and  data  links.  SPCC  owned  much  of  the  ter¬ 
restrial  portion  of  the  network  but  leased  all  the  satellite  portion. 
The  company  contracted  for  development  of  the  Spacenet  satel¬ 
lites  1 1 -3 1  to  replace  the  leased  satellite  capacity  starting  in  1984. 
In  October  1982.  GTE  and  Southern  Pacific  agreed  that  GTE 
would  acquire  all  the  stock  of  SPC’C.  Other  communications 
companies  objected  to  the  agreement  because  of  the  size  of 
(he  combination  both  in  terrestrial  and  satellite  com¬ 
munications.  Howeser.  the  agreement  ssas  com¬ 
pleted  by  September  1985.  although 
gos eminent  approval  was  not  re¬ 
scued  until  1985.  The  ssstem 


is  now  called  ( ill  Spacenet.  and  the  company  ow  ns  and  operates 
both  the  Spacenet  anil  GStar  satellites. 

I  he  Spacenet  design  is  based  on.  and  is  very  similar  in  appear¬ 
ance  to.  die  KCAiGF  since  1986)  satellite  design.  The  satellite  is 
sin  ash  here  in  the  deployed  condition  I  lie  two  sun-tracking  solar 
anay  wings  are  each  composed  of  three  panels,  which  are  folded 
against  the  satellite  body  for  launch.  The  antenna  teed  horns  and 
reflectors  are  mounted  on  the  earth- v  lew  ing  side  of  the  satellite 
body  file  two  spheres  pioirudmg  Irom  the  east  and  west  sides  ol 
the  body  are  tanks  for  propellant  used  lor  attitude  ad|iisimcnts 
and  stalionkeepmg  manetoeis  The  communication  subsystem  is 
mounted  on  the  north  and  smith  panels  ot  the  body.  Ihe  satellite 
details  at e  as  lol h >w  s 

Satellite 

Kectaltglilat  body.  V)  ■  52  •  M  in  .  w  tilt  antennas  and  leeds  lived 
on  the  cat th  viewing  lad  .  solai  panels  deployed  bom  north  anil 
-oulh  hues,  span  .moss  solai  panels  P  It.  height,  including  an 
lent'.,!  Iced'  about  I  I  It 
I5M  lb  in  orbit,  he  v  mimic  ol  life 


Sun-tracking  solar  array  and  NiTU  batteries,  approximately  1300 
W  minimum  at  end  of  life 

Three-axis  stabilization  using  momentum  wheels  and  magnetic 
lorquers.  approximately  ±0.2-dcg  accuracy 
Solid  rocket  motor  for  apogee  maneuver,  monopropellant  liquid 
propulsion  for  on-orbit  use 

Configuration 

4/6  GHz:  twelve  36-MHz  bandwidth  and  si\  72-MHz  bandwidth 
single-conversion  repeaters,  dual-polarization  frequency  reuse 
12/14  GHz:  six  72-MHz  bandwidth  repeaters 

Capacity 

Up  to  5600  voice  circuits  or  one  TV  signal  or  60  Mbps  per  50- 
Mllz  bandwidth  (twice  as  much  in  72  MH/t 

Transmitter 

4/6(111/  3702  to  4 1  7S  Mil/  t  36-MI  1/  repeaters  t 
One  8  5  W  transistor  amplifier  per  repealer 
I.RR  34  dim  (CONUS  t.  28  dBW  i  Alaska  t.  25  dBW  tlla- 
vv an.  Puerto  Rico t 

'724  lo  4  1 00  MHz  t  72  MHz  rcpcatci  s  i 
One  |6  \\  |  W  I  per  repeater 

TKP  '0  dBW  i  ( 'ONUS  i.  32  dBW  i  Maskat.  28  dBW  (Ha 
wan.  Puerto  Knot 


I  '4 


One  spare  amplifier  lor  every  six  repeaters 
12/14  GH/:  1 1.704  to  I2.I76GH/ 

One  16-W  TWT  per  repeater.  4 1  dBW  HRP  (CONUS) 
One  spare  aniplitier  for  every  six  repeaters 


12/14  GH/:  one  paraboloid,  four  feed  horns,  linear  polarization. 
CONI'S  coverage 

Design  life 

Ten  years 


Receiver 

4/6  GH/:  two  active  plus  two  spare  receivers 

>027  to  6404  MH/.  (36-MH/  repeaters)  C »/ T  -5  dB/K  (CO¬ 
NUS).  -7  to  -OdB/K  (Alaska.  Hawaii.  Puerto  Rico) 

5040  to  6421  MH/.  (72  MH/  repeaters)  Ci/T  -2  to  -3  dB/K 
(CONUS). -7  dB/K  (Alaska.  Hawaii) 

12/14  (ill/:  one  active  plus  one  spare  teceiver.  14.004  to  14.476 
(ill/.  -3  dB/K  G/T (CONUS) 

Antenna 

4/6  GH/  two  paraboloids,  approximately  4  x  5  ft.  sharing  same 
pin  steal  aperture,  each  w  ilh  an  embedded  grid  for  one  of  two  or¬ 
thogonal  linear  polarizations,  six  feed  horns  per  polari/atiou  wuh 
coverage  for  CONUS  plus  Alaska  and  Hawaii  or  CONUS  plus 
Puerto  Rico  and  the  Vjrein  Islands 


Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0.0.4  N-S  and  H-W 

Orbital  history 

1:  launched  22  May  1084.  in  use.  120  W  longitude 
2:  launched  10  November  1084.  in  use.  60  W  longitude 
3:  launch  vehicle  failure  September  1085 
3R:  launched  1 1  March  10X8.  in  use.  87  W  longitude 
4:  formerly  named  A  SC  2  (see  ASC  description) 

Arianc  launch  vehicle 

Management 

Developed  by  GU  Astro  Space  (formerly  RCA  Astro  Klectronics) 
for  ( i  l  l:  Spacenet  Corporation 


Operated  by  GTE  Spacenet  Corpora¬ 
tion 


Spacenet  is  the  first  United  States 
domestic  satellite  that  operates  in  both 
the  4/6-GHz  and  the  12/14-GHz  fre¬ 
quency  bands.  The  satellites  in  orbit 
prior  to  Spacenet  all  operated  in  either 
one  or  the  other  of  these  two  bands. 

The  primary  objective  in  the  commu¬ 
nication  subsystem  design  was  to  max¬ 
imize  bandwidth  subject  to  launch 
vehicle-imposed  weight  constraints. 

The  result  is  a  twenty-four-channel  de¬ 
sign  with  50r/f  more  bandwidth  than  a 
contemperous  twenty-four-channel  4/ 

6-GHz  design. 

The  4/6-GHz  portion  of  the  com¬ 
munication  subsystem  has  two  sec¬ 
tions.  One  is  a  typical  set  of  twelve  36- 
MHz  bandwidth  repeaters.  The  other 
section,  which  uses  the  orthogonal  an¬ 
tenna  polarization,  has  six  72 -MHz 
bandwidth  repeaters.  The  weight 
saved,  relative  to  a  twelve-repeater  de¬ 
sign.  allows  an  additional  six  repeaters  of  72-MHz.  bandwidth. 
These  six  operate  in  the  12/14-GHz  band.  The  narrowband  (36 
MHz)  repeaters  use  solid-state  amplifiers. 

The  w  ideband  repeaters  use  TWTs  with  tw  ice  the  output  pow  ¬ 
er.  The  4/6-GHz  antenna  patterns  are  adjusted  to  the  expected  sat¬ 
ellite  location.  The  western  satellite  pattern  covers  all  fifty  states, 
whereas  the  eastern  satellite  pattern  covers  CONUS  and  the  Car¬ 
ibbean.  The  12/14-GHz  pattern  is  optimized  for  CONUS  cover¬ 
age,  with  some  degradation  in  parts  of  Texas.  Florida,  and  Maine. 

Two  Spacenets  were  launched  in  1984.  The  third  satellite  was 
lost  in  a  launch  vehicle  failure  in  1985.  A  replacement  was 
launched  in  1988.  The  first  was  stationed  in  a  westerly  location, 
and  the  4/6-GHz  channels  are  used  mostly  for  distribution  of  tele¬ 
vision  programs  and  also  for  voice  and  data  service  requiring  its 
coverage  of  Alaska  and  Haw  aii.  The  second  satellite  is  primarily 
devoted  to  business  communications.  Types  of  traffic  include 
voice,  data,  facsimile,  and  video  conferencing.  The  GTE  long¬ 
distance  network,  called  GTE  Sprint,  is  making  use  of  all  three 
types  of  transponders  on  Spacenet.  Earth  stations  are  located  near 
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at  least  eleven  metropolitan  areas.  Transmissions  are  QPSK/ 
TDMA.  Both  digital  speech  interpolation  and  adaptive  voice  cod¬ 
ing  are  used  to  achieve  a  capacity  of  3600  voice  circuits  per  36- 
MHz  bandwidth. 

The  control  center  for  the  Spacenet  satellites  is  in  McLean. 
Virginia,  near  Washington.  D.C.  The  TT&C  sites  are  located  in 
Woodbine.  Maryland  and  San  Ramon.  California. 

1.  C.  J.  Way  Ian.  "The  Spacenet  Satellites."  Paper  82-0520.  A/AA 
0th  Communications  Satellite  Systems  Conference  (March 
1982). 

2.  A.  Jacobs  and  B.  Pourmand.  "A  Digital  Satellite  Communica¬ 
tions  System  for  Sprint."  Paper  84-0717.  At  A  A  I  Otli  Commu¬ 
nication  Satellite  Systems  Conference  (March  1984). 

3.  Aviation  Week  A  Space  Teclmoloi’y  (31  March  1980).  p.  26: 
(21  December  1981).  p.  12;  (25  October  1982).  p.  58:  (23 
September  1985).  p.  22:  (24  March  1986).  p.  83. 


GStar 


GTE  Spacenet  Corporation,  formerly  GTE  Satellite  Corpora¬ 
tion.  is  the  owner  of  the  GStar  satellites  1 1-6|.  Like  the  Spacenet 
satellites,  the  GStars  have  a  design  based  on  the  RCA  (GE  since 
1986)  satellites.  They  have  a  central  box-like  body  structure  from 
which  the  two  sun-tracking  solar  arrays  are  deployed.  The  anten¬ 
na  structure  is  fixed  on  the  earth-viewing  side  of  the  body.  All 
other  equipment  is  mounted  within  or  on  the  surface  of  the  body. 
The  satellite  has  nickel-hydrogen  batteries  and  electrothermal  hy  ¬ 
drazine  thrusters,  both  of  w  hich  were  new  technology  items  not 
common  in  communication  satellites  in  1985.  P  'h  contribute  to 
increased  life  lor  a  given  satellite  weight. 

The  GStar  communication  subsystem  uses  the  12-  ami  14- 
GHz  hands.  The  subsystem  has  sixteen  channels,  each  with  a  54- 
MHz  bandwidth,  and  uses  dual  polarization  frequency  reuse  I  he 


receive  antenna  provides  CONUS  coverage  on  one  polarization 
and  a  combined  coverage  for  CONUS.  Alaska,  and  Haw  aii  on  the 
other.  The  transmit  antenna  has  four  beams.  Channels  I  and  3  are 
permanently  connected  to  a  combined  coverage  beam.  Each  of 
the  other  fourteen  channels  has  a  variable  power  divider.  These 
dividers  can  route  the  power  to  either  a  west  beam  or  an  east 
beam  or  split  the  power  between  the  two  to  form  a  CONUS  beam. 
The  west  and  east  coverages  correspond  to  the  parts  of  CONUS 
west  and  east  of  the  Mississippi  Riv  er. 

Channels  I  and  3  have  30- W  TWTs.  and  all  other  channels 
have  20- VS’  TWTs.  The  power  radiated  by  the  satellite  is  sufficient 
to  support  60- Mbps  transmissions  in  the  CONUS  and  combined 
beams,  or  90  Mbps  in  the  west  and  east  beams.  A  total  of  20 
TWTs  are  available  in  a  ring  redundancy  arrangement,  three  of 
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which  are  the  30- W  type.  The  GStar  receivers  have  a  parametric 
amplifier  for  the  first  stage  and  an  FET  amplifier  for  the  second 
stage,  followed  by  down  conversion  and  additional  amplification. 
Performance  values  and  other  satellite  details  are  as  follows: 

Satellite 

Box.  6  x  6  x  8  ft  with  antennas  fixed  on  earth-viewing  side  and 
solar  arrays  deployed  from  two  sides,  overall  span  approximately 
55  ft.  overall  height  approximately  1 1  ft 
Approximately  1400  lb  in  orbit,  beginning  of  life 
Sun-tracking  solar  array  and  NiHi  batteries.  1700-1900  W  begin¬ 
ning  of  life.  1330  W  minimum  after  ten  years 
Three-axis  stabilization  using  momentum  wheels  and  magnetic 
torquers;  accuracy  ±0.04  deg  (pitch).  ±0.05  deg  (roll),  ±0.13  deg 
(yaw ) 

Solid  rocket  motor  for  apogee  maneuver,  monopropellant  liquid 
propulsion  for  on-orbit  use 

Configuration 

Sixteen  54-MHz  bandwidth  single-conversion  repeaters,  dual-po¬ 
larization  frequency  reuse 

Capacity 

Up  to  5400  voice  circuits  or  90  Mbps  per  repeater 

Transmitter 

1 1.703  to  12.198  GHz 

Three  30- W  TWTs  for  two  repeaters,  seventeen  20-W  TWTs  for 
fourteen  repeaters 

ERP:  (30-W  repeaters)  >40  dBW  for  CONUS.  Alaska.  Hawaii, 
up  to  45  dBW  in  parts  of  CONUS:  (20-W  repeaters)  40  to  45 
dBW  over  CONUS  or  approximately  45  dBW  over  most  of  east¬ 
ern  CONUS  in  east  spot  mode  or  42  to  45  dBW  over  western  CO¬ 
NUS  in  west  spot  mode 


Antenna 

Two  60-in. -dia.  parabolic  reflec'ors  with  embedded  polarization 
grids,  one  behind  the  other,  one  each  for  vertical  and  horizontal 
polarization:  >33  dB  isolation  between  the  two  polarizations:  six¬ 
teen  feed  horns  per  reflector  (seven  for  west  CONUS,  six  for  east 
CONUS,  three  for  Alaska  and  Hawaii) 

Design  life 

Ten  years 

Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0.05°N-S  and  E-W, 
except  for  GStar  3 

Orbital  history 

1:  launched  8  May  1985.  in  use.  103°W  longitude 
2:  launched  28  March  1986.  in  use.  1()5°W  longitude 
3:  launched  8  September  1988.  problems  during  apogee  motor  fir¬ 
ing  left  satellite  in  wrong  orbit,  orbit  raised  during  1989.  began 
operations  November  1989.  in  use.  93°W  longitude 
4:  launched  20  November  1990.  in  use.  125°W  longitude 
Ariane  launch  vehicle 

Management 

Developed  by  GE  Astro  Space  (formerly  RCA  Astro  Electronics) 
for  GTE  Spacenet  Corporation 
Operated  by  GTE  Spacenet  Corporation 

The  first  two  GStar  launches  were  in  May  1985  and  March 
1986.  The  third  launch  was  in  September  1988.  When  the  apogee 
motor  fired,  the  satellite  was  not  stable,  and  the  orbit  perigee  was 
raised  by  less  than  half  of  the  expected  distance.  The  cause  of  the 
instability  was  later  determined  to  be  due  to  unbalanced  loading 
of  the  hydrazine  propellant  tanks.  Beginning  in  January  1989.  the 
on-orbit  propulsion  subsystem  was  used  to  raise  the  perigee.  The 
process  was  very  slow  because  of  the  low  thrust.  Nine  months  lat¬ 
er.  the  satellite  was  in  synchronous  orbit,  and  operational  use  be¬ 
gan  in  November  1989.  Because  of  the  propellant  use.  the 
estimated  satellite  life  has  been  reduced  to  four  or  five  years,  and 
no  north-south  stationkeeping  is  being  done.  As  a  result,  the  satel¬ 
lite  orbital  inclination  was  2  deg  when  it  reached  synchronous  or¬ 
bit  and  is  increasing  by  about  0.75  deg  per  year.  The  fourth  GStar 
was  launched  successfully  in  November  1990. 


Receiver 

14.003  to  14.498  GHz 

Two  active  plus  two  spare  receivers 

G/T:  >- 1 .5  dB/K  over  almost  all  of  CONUS.  + 1  to  +4  dB/K  in 
much  of  CONUS.  >-3.5  dB/K  Alaska  and  Hawaii 


The  primary  traffic  on  all  the  satellites  is  customized  digital 
networks.  Each  network  serves  a  specific  user:  in  most  cases,  the 
ground  terminals  are  located  at  the  user's  facilities.  Each  network 
can  have  demand-assignment  equipment  to  increase  efficiency. 
The  type  of  information  to  be  transmitted  is  not  constrained.  User 
equipment  can  combine  voice,  data,  facsimile,  and  v  ideo  inputs  to 


Horizontal  Vertical 

polarization  polarization 


form  the  transmitted  data  stream.  Data  rates  vary  with  user  re¬ 
quirements;  the  maximum  network  rates  are  60  and  90  Mbps  with 
TDMA. 

Typical  ground  terminals  for  the  60  Mbps  networks  have  18- 
to  25-ft-diameter  antennas  and  500- W  output  power.  For  the  90- 
Mbps  networks,  the  antenna  diameter  will  be  25  to  30  ft  and  the 
power  1000  W.  Specific  antenna  sizes  will  depend  on  the  loca¬ 
tion.  because  rain  attenuation  and  satellite  performance  vary  with 
location.  Active  uplink  power  control  may  be  used  in  locations 
with  high  rain  attenuation. 

The  GStar  satellite  control  center  is  located  with  the  Spacenet 
control  center  in  McLean.  Virginia.  The  TT&C  sites  are  located  in 
Oxford.  Connecticut  and  Grand  Junction.  Colorado. 

#  #  #  Jfc  #  'Jp. 
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GStar  beam  patterns. 


American  Satellite  Corporation 


American  Satellite  Corporation  (ASC)  ( I  - 1 2 1  was  formed  in 
1972  as  a  subsidiary  of  Fairchild  Industries  and  began  providing 
communications  services  in  1974.  using  satellite  capacity  leased 
from  Western  Union.  In  1979.  it  became  a  joint  venture  of  Fair- 
child  and  Continental  Telephone  (later  Continental  Telecom,  now 
Conte!).  In  19X0.  ASC  converted  its  lease  to  a  2()r4  ownership  of 
the  Western  Union  satellites.  To  allow  for  further  growth,  in 
March  19X3.  ASC  signed  a  contract  for  the  development  of  its 
own  satellites.  In  19X5.  Fairchild  sold  its  interest  in  ASC  to  Con¬ 
tinental  Telecom,  w  hich  became  the  sole  ow  ner  of  ASC.  In  19X7. 
its  name  was  modified  to  C'ontel  ASC. 


The  ASC  satellite,  a  derivative  of  the  RCA  satellite,  is  almost 
identical  to  the  Spacenet  satellite.  It  is  a  body-stabilized  type  that 
has  a  box-shaped  body  with  solar  arrays  deployed  from  its  north 
and  south  sides.  The  communications  antennas  are  fixed  on  the 
earth-facing  side  of  the  body.  An  unusual  feature  is  that  the  satel¬ 
lite  has  an  encrypted  command  link.  The  satellite  also  uses  the 
relatively  new  (in  19X3)  nickel-hydrogen  battery  and  electrother¬ 
mal  thruster  technologies.  The  communications  subsystem,  like 
Spacenet.  has  twenty-four  channels;  twelve  are  36-MHz  band- 
w  idth  and  share  the  lower  half  of  the  4-  and  6-GHz  bands  by 
means  of  dual-polarization  frequency  reuse.  The  upper  half  of  the 
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same  bands  are  used  by  six  72-MHz  bandwidth  channels  also  by 
means  of  dual  polarization.  In  the  12-  and  I4-GHz  bands,  six  72- 
MHz  bandwidth  channels  use  a  single  polarization.  (Launch 
weight  limits  preclude  additional  channels  on  the  orthogonal  po¬ 
larization.)  The  36-MHz  channels  use  transistor  power  amplifiers; 
the  others  use  TWTs.  The  subsystem  configuration  is  similar  to 
that  of  Spacenet.  Additional  satellite  details  are  as  follows: 

Satellite 

Box,  about  5  ft  on  a  side,  with  antennas  and  feed  fixed  on  the 
earth-viewing  face,  solar  panels  deployed  from  north  and  south 
faces,  span  across  solar  panels  about  48  ft.  height  including  an¬ 
tenna  feeds  about  1 1  ft 
1467  lb  in  orbit,  beginning  of  life 

Sun-tracking  solar  array  and  NiHy  batteries,  1215  W  minimum 
after  ten  years 

Three-axis  stabilization  using  momentum  wheels  and  magnetic 
torquers.  approximately  ±0.2-deg  accuracy 
Solid  rocket  motor  for  apogee  maneuver,  monopropellant  liquid 
propulsion  for  on-orbit  use 

Configuration 

4/6  GHz:  twelve  36-MHz  bandwidth  and  six  72-MHz  bandwidth 
single-conversion  repeaters,  dual-polarization  frequency  reuse 
12/14  GHz:  six  72-MHz  bandwidth  repeaters 

Capacity 

64  Mbps  or  approximately  1000  voice  circuits  or  one  TV  signal 
per  36-MHz  bandwidth 

Transmitter 

4/6  GHz:  3700  to  3960  MHz  (36-MHz  repeaters) 

One  8.5-W  transistor  amplifier  per  repeater 
ERP  approximately  34  dBW  (CONUS),  approximately  28 
dBW  (Alaska),  approximately  25  dBW  (Hawaii,  Puerto 
Rico) 

3940  to  4200  MHz  (72-MHz  repeaters) 

One  1 6.6- W  TWT  per  repeater 

ERP  approximately  36  dBW  (CONUS),  approximately  32 
dBW  (Alaska),  approximately  28  dBW  (Hawaii,  Puerto 
Rico) 

12/14  GHz:  1 1.704  to  1 2. 1 76  GHz 

One  17-W  TWT  per  repeater,  approximately  41 -dBW  ERP 
(CONUS) 

One  spare  amplifier  for  every  six  repeaters 

Receiver 

4/6  GHz:  two  active  plus  two  spare  receivers 

5925  to  6185  MHz,  (36-MHz  repeaters)  approximate  G/T  -5 
dB/K  (CONUS).  -7  to  -9  dB/K  (Alaska.  Hawaii.  Puerto 
Rico) 

6165  to  6425  MHz.  (72-MHz  repeaters)  G/T  -2  to  -3  dB/K 
(CONUS).  -7  dB/K  (Alaska.  Hawaii) 

12/14  GHz:  I4.(X)4  to  14.476  GHz.  one  active  plus  one  spare  re¬ 
ceiver.  -3  dB/K  G/T  (CONUS) 

Antenna 

4/6  GHz:  two  paraboloids,  approximately  4x5  ft.  sharing  the 
same  physical  aperture,  each  with  an  embedded  grid  for  one  of 
two  orthogonal  linear  polarizations 
12/14  GHz.  one  paraboloid,  linear  polarization 


Design  life 

Ten  years  (8.5  years  nominal  fuel  load) 

Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0.05CN-S  and  E-W 

Orbital  history 

1:  launched  27  August  1985  (deployed  from  Shuttle  27  August), 
in  use.  127°W  longitude 

2:  launched  12  April  1991,  101  °W  longitude,  name  changed  to 
Spacenet  4 

3:  launch  schedule  uncertain 
Shuttle  launch  vehicle  ( 1 ).  Delta  (2) 

Management 

Developed  by  RCA  Astro  Electronics  for  American  Satellite  Cor¬ 
poration 

Operated  by  American  Satellite  Corporation 

The  first  ASC  satellite  was  launched  in  August  1985.  ASC  is 
using  both  this  satellite  and  its  share  in  the  Westar  satellites.  The 
second  and  third  satellites  were  scheduled  for  launch  in  1986  and 
1987.  However,  that  plan  was  disrupted  by  the  multiple  launch 
vehicle  failures  in  the  early  part  of  1986.  ASC  2  was  not  launched 
until  April  1991.  The  month  before.  GTE  and  Contel  completed  a 
merger  which  includes  the  GTE  Spacenet  and  Contel  ASC  satel¬ 
lite  systems.  As  a  result.  ASC  2  is  being  renamed  Spacenet  4. 
Consolidation  of  the  Spacenet  and  Contel  ASC  ground  control  fa¬ 
cilities  and  operations  will  take  place  over  an  extended  period. 

The  ASC  ground  terminals  are  grouped  by  the  services  they 
support:  public  commercial,  dedicated  commercial,  and  dedicated 
government.  In  1974.  ASC  started  with  three  public  and  three 
government  terminals.  At  the  end  of  1978.  twenty-three  terminals 
were  in  operation.  By  1983.  the  number  increased  to  about  130 
terminals.  The  public  terminals  have  33-ft  antennas.  Dedicated 
commercial  terminal  antenna  sizes  vary  from  10  to  33  ft — 16  ft 
and  23  ft  are  the  most  common.  Error  correction  coding  is  used 
on  most  links,  and  encryption  is  an  option  used  on  some  links. 

Dedicated  commercial  terminals  are  located  at  customer  sites 
to  provide  private  communication  networks.  More  than  seventy 
terminals  are  in  use.  Types  of  information  transmitted  on  these 
networks  include  voice,  single  and  multiple  data  links  at  9.6  or  56 
kbps,  facsimile,  and  video  conferencing.  Transmissions  are  all 
digital  with  either  FDMA.  SCPC.  or  TDM  A  operation. 

Approximately  50  dedicated  government  terminals  serve 
NASA,  the  Department  of  Defense,  and  the  Department  of  Ener¬ 
gy.  Transmissions  are  digital  with  bit  rates  ranging  from  56  kbps 
to  3  Mbps.  Examples  of  traffic  include  data  for  the  Shuttle  and 
Defense  Meteorological  Satellite  Programs  and  twenty-four  voice 
circuit  trunks. 
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(or  Aurora  I).  The  second  satellite  has 
the  same  basic  design  as  the  first.  It  has 
increased  transmitter  power  and  redun¬ 
dancy,  and  spacecraft  improvements  to 
increase  reliability  and  extend  the  life. 

Aurora  II  also  has  a  secure  command 
link. 

Aurora  satellites  have  two  antenna 
beam  patterns.  One  covers  Alaska,  the 
other  Alaska  plus  CONUS  with  a  lower 
power  level  on  Hawaii.  The  broader 
coverage  is  used  for  all  uplinks.  On  Au¬ 
rora  I,  twelve  transponders  are  connect¬ 
ed  to  the  Alaska  beam  for  downlinks 
and  twelve  to  the  broader  beam.  On  Au¬ 
rora  II,  the  corresponding  numbers  are 
six  and  twelve,  with  another  six  tran¬ 
sponders  individually  switchable  be¬ 
tween  the  two  beams.  The  Alaska  beam 
is  used  for  intrastate  communications. 

The  other  beam  is  used  for  communica¬ 
tions  between  Alaska  and  other  ^'ates: 
capacity  not  required  by  Alascom  is 
used  by  Americom  as  part  of  its  nation¬ 
al  satellite  network. 

Details  of  the  two  satellites  are  listed 
and  apply  to  both,  unless  specified  by 
(I)  or  (II). 

Satellite 

Body  56  x  64  x  69  in.,  solar  array  span 
47  ft 

1320/1420  lb  (I/II)  in  orbit,  beginning 
of  life 

Sun-tracking  solar  array,  NiCd/NiHi 
batteries  (I/II).  980  W  after  ten  years 
(I),  >1000  W  after  twelve  years  (II) 

Three-axis  stabilization  using  momen¬ 
tum  wheels  and  magnetic  torquers, 

±0. 15-deg  antenna  pointing 
Solid  rocket  motor  for  apogee  maneu¬ 
ver.  liquid  hydrazine  propulsion  for  on- 
orbit  use 

Configuration 

Twenty-four  36-MHz.  bandwidth  sin¬ 
gle-conversion  transponders,  dual-polarization  frequency  reuse 

Transmitter 

3702  to  4 1 98  MHz 

One  8.5/1 1  -W  solid-state  amplifier  per  transponder  plus  one/two 
spares  per  six  transponders  (I/II) 

ERP  37  to  38  dBW  for  Alaska.  33  to  34  dBW  for  Alaska  and 
CONUS  combined,  with  26  to  28  dBW  for  Hawaii 

Receiver 

5927  to  6423  MHz 

Two  active  plus  two  spare  receivers 

PET  preamplifiers 

G/T  -3  dB  Alaska  and  CONUS  combined 


Antenna 

One  dual-gridded  offset-fed  antenna  with  one  feed  array  of  six  or 
seven  horns  for  each  polarization.  7-ft  reflector  diameter,  dual  lin¬ 
ear  polarizations.  33  dB  isolation  between  the  polarizations 

Design  life 

Ten/twelve  years  (I/II) 

Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0. 1  N-S  and  E-W 

Orbital  history 

I  (also  known  as  RCA  5):  launched  28  October  1982,  in  use  until 
Spring  1991 

Delta  3924  launch  vehicle 
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II:  launched  2d  May  1001.  in  use.  1 3d  W  longitude 
Della  7925  launch  vehicle 

Management 

Developed  lor  Alaseom  and  til:  (formerly  RCA)  Americom  by 
GE  Astro  Space  (formerly  RCA  Astro  Electronics) 

Operated  by  GE  Americom 

Aurora  I  was  launched  in  1082  and  was  in  use  until  the  spring 
of  Iddl.  Then,  a  low  propellant  level  caused  problems  and  re¬ 
quired  the  transfer  of  all  traffic  to  GE  Sateom  C- 1 .  The  traffic  was 
mosed  to  Aurora  II  in  August  lddl  following  its  May  launch. 
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tional  lelecommunications  Conference:  NIC  '74  (December 
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MARISAT 


Marisat  [  1  -27 1  was  developed  to  provide  communications  be¬ 
tween  ships  and  shore  stations.  During  its  lirst  years  of  operation, 
the  primary  user  was  the  Navy,  for  w  hom  it  tilled  part  of  the  gap 
between  the  end  of  Taesat  and  EES  6  operations  and  the  begin¬ 
ning  of  FETSATCOM  operations.  For  this  reason,  the  satellite  is 
sometimes  called  Gapsat  orGapliller.  This  service  is  described  in 
the  section  on  military  satellites.  Marisat  also  provides  service  for 
commercial  shippers. 

Marisat  is  a  derivative  of  the  Anik  A  satellite.  The  basic  struc¬ 
ture  and  support  subsystems  are  very  similar  to  Anik  A.  but  the 
solar  array  diameter  is  I  y/<  larger,  thus  increasing  its  output  pow¬ 
er.  Marisat  is  heavier  than  Anik  A  and  used  the  larger  payload  ca¬ 
pacity  of  the  Delta  2014  launch  vehicle. 

Marisat  has  a  new  communication  subsystem.  Three  UHF 
channels  are  provided  for  Navy  use.  two  with  25-kH/  bandw  idth 
and  one  with  500-kH/  bandwidth.  Each  channel  has  a  redundant 
transistor  amplifier.  For  commercial  use.  there  are  two  4-MH/ 
bandwidth  channels,  one  for  ship-to-shore  communications  and 
one  for  shore-to-ship.  These  channels  use  L-band  frequencies  be¬ 
tween  the  satellite  and  ships  and  C-band  between  the  satellite  and 
shore  stations.  TWTs  are  used  for  both  L-band  and  C'-hand  trans¬ 
missions.  and  the  L-band  TWT  can  be  commanded  to  any  of  three 
power  levels.  The  low  -power  level  was  used  when  all  Navy  chan¬ 
nels  were  operating:  as  Navy  requirements  decreased,  the  higher- 
power  levels  were  switched  on. 

Marisat  has  nine  communication  antennas.  Three  helices 
backed  by  truncated  cones  form  a  UHF  array  with  a  30-deg 
beamwidth.  A  narrower  beamwidth  is  not  practical  because  of  the 
larger  antenna  that  would  be  required.  Four  smaller  cone-helix 
antennas  form  an  L-band  array  with  a  20-deg  beamwidth.  Two 
earth  coverage  horns  are  used  at  C-band.  one  for  transmitting  and 
one  for  receiving.  Other  Marisat  details  are  as  follows: 

Satellite 

Cylinder.  85-in.  dia  63-in.  height  ( 150  in.  overall) 

720  lb  in  orbit,  beginning  of  life 

Solar  cells  and  NiC'd  batteries.  335  W  at  beginning  of  life.  305  W 
at  end  of  life 

Spin-slahili/cd.  100  ±15  rpm.  antenna  pointing  error.  <+0.65  deg 
each  axis 
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Configuration 

UHF:  one  500-kHz  channel  and  two  25-kHz  channels 
L-  and  C-band:  two  4-MHz  channels  (one  L  to  C.  one  C  to  L) 


UHF 


-254 


Capacity 

500-kHz  channel:  approximately  five  2400-bps  links  and  seven¬ 
teen  75-bps  links 
25-kHz  channel:  2400-bps  link 

4-MHz  channel  (L  to  C):  nine  voice  circuits  or  1 10  teletype  cir¬ 
cuits 

4-MHz  channel  (C  to  L):  one,  five,  or  nine  voice  circuits  and  44, 
66,  or  110  teletype  circuits  (depending  on  ERP) 

Transmitter 

UHF:  248-  to  260-MHz  band 

Redundant  solid-state  amplifiers 
65  W,  28  dBW  (500-kHz  channel)  edge  of  earth 
20  W,  23  dBW  (per  25-kHz  channel)  edge  of  earth 
L-band:  1537  to  1541  MHz 

Redundant  three-level  TWTs 

7.  30.  or  60  W;  20-,  26-,  or  29.5-dBW  ERP  edge  of  earth 
C-band:  4195  to  4199  MHz 

Redundant  5-W  TWTs,  18.8-dBW  ERP  (specification)  edge 
of  earth  (if  at  saturation;  however,  this  transmitter  will  al¬ 
ways  be  operated  linear),  in-orbit  ERP  1  to  1.5  dB  above 
specification 

Receiver 

300-  to  312-MHz  band.  1638.5  to  1642.5  MHz,  6420  to  6424 
MHz 

Redundant  receivers  on  each  frequency 

Noise  figure:  4.2.  4.9.  8.8  dB 

G/T  (edge  of  earth):  -18.-17.  -25.4  dB/K 

Antenna 

UHF:  three  cone-helix  antennas,  each  48  in.  long.  30-deg  beam- 
width.  12.1-dB  gain  (transmit).  12.6-dB  gain  (receive)  at 
±9.5  deg 

L-band.  four  cone-helix  antennas,  each  15  in.  long,  approximate¬ 
ly  20-deg  beam  width.  14.4-dB  gain  at  ±9.5  deg 
C-band:  two  horns  (one  transmit,  one  receive),  approximately  18- 
deg  beamwidth.  16-dB  gain  at  ±9.5  deg 


All  circular  polarization 

Design  life 

Five  years 

Orbit 

Synchronous  equatorial  (<3.5-deg  inclination),  stationkeeping  to 
±0.5°E-W.  inclinations  8  to  9  deg  by  1991 

Orbital  history 

I:  launched  19  February  1976.  106'W  longitude,  in  use  until 
1983.  Inmarsat  spare  since  1983 

2:  launched  9  June  1976.  72CE  longitude,  in  use  until  1985.  In¬ 
marsat  spare  since  1985 
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Table  I .  Marisat  Terminal  Charaeteristies 


* 

PARAMETER 

SHORE  STATIONS 

SHIP  STATIONS 

Frequency  band 

Ca 

L 

Antenna  diameter,  ft 

42 

4 

Transmit  gain,  dB 

56.0 

23. 5b 

Transmitter  power,  W 

3000 

40 

ERP,  dBW 

72-85 

36-38 

Receive  gain,  dB 

53.2 

23.5b 

G/T,  dB/K 

31.4 

>  -4 

Beamwidth  (transmit/receive),  deg 

0.26/0.4 

10-11 

Polarization 

Circular 

Circular 

a  The  shore  stations  can  operate  at  L-band  for  testing. 

6  Nominal:  ERP  and  G/T  are  the  controlling  specifications. 


3:  launched  14  October  1976.  176°E  longitude,  in  use  until  1983, 
Inmarsat  spare  since  1983 

2  and  3  were  in  opposite  positions  through  1983,  I  was  moved 
from  15°W  about  1989 
Delta  2914  launch  vehicle 

Management 

Developed  by  Hughes  Aircraft  Company  for  Comsat  General 
Corporation  (UHF  capacity  leased  to  the  United  States  Navy,  C/ 
L-band  capacity  leased  to  Inmarsat  since  1982) 

Operated  by  Comsat  General  Corporation 

All  three  Marisat  satellites  are  in  orbit.  The  first  was  launched 
in  February  1976  and  placed  over  the  Atlantic  Ocean.  It  began 
Navy  service  in  March  1976,  but  the  start  of  commercial  service 
was  delayed  until  July  1976  because  of  problems  with  the  C-band 
equipment.  The  second  Marisat  was  launched  in  June  1976  and 
was  providing  both  naval  and  commercial  service  over  the  Pacific 
Ocean  by  August.  The  third  satellite  was  launched  in  October 
1976  to  provide  service  to  the  Navy  in  the  Indian  Ocean  region. 
Commercial  service  with  this  satellite  began  in  November  1978 
with  a  terminal  in  Japan.  Signal-quality  reports  for  both  types  of 
service  were  good  as  soon  as  the  system  began  operating;  the  ex¬ 
pected  improvements  relative  to  terrestrial  transmission  links 
were  fully  realized.  The  coverage  areas  of  the  three  satellites,  as 
they  were  during  their  early  lives,  are  shown. 

Commercial  service  started  on  a  limited  basis,  because  of  the 
small  number  of  terminals  and  because  most  of  the  satellite  pow¬ 
er  was  required  for  the  Navy  channels.  Gradually,  the  Navy  use 
decreased  and  commercial  use  increased.  Commercial  services 
include  telex,  voice,  facsimile,  and  data  (up  to  4800  bps)  in  both 
directions.  These  services  are  used  by  tankers,  cargo,  passenger 
and  fishing  vessels,  offshore  oil  platforms,  and  private  yachts.  In 

1981.  56  kbps  ship-to-shore  service  was  initiated,  primarily  for 
data  transmissions  from  seismic  survey  vessels.  On  1  February 

1982.  control  of  the  three  Marisats  was  transferred  to  Inmarsat. 
By  the  summer  of  1983.  Inmarsat  had  newer,  more  capable  satel¬ 
lites  in  the  Atlantic  and  Indian  Oceans,  and  those  two  Marisats 
became  spares  for  Inmarsat.  The  Pacific  Marisat  continued  in  ac¬ 
tive  service  until  1985.  Inmarsat  continues  to  lease  all  three  Mari¬ 
sats  to  serve  as  spares.  The  most  recent  lease  goes  through  1992. 


As  part  of  this  lease,  one  satellite  was  moved  to  a  longitude  cen¬ 
tered  on  North  America  to  provide  services  for  land  mobile  termi¬ 
nals. 

The  primary  Marisat  ground  terminals  are  located  in  Connect¬ 
icut  and  California.  They  are  both  TT&C  terminals  and  shore  ter¬ 
minals  for  commercial  communications  for  the  Atlantic  and 
Pacific  satellites,  respectively.  A  TT&C  terminal  at  Fucino.  Italy 
serves  the  Indian  Ocean  satellite.  For  the  TT&C  function,  the  ter¬ 
minals  are  connected  to  a  system  control  center  in  Washington. 
D.  C..  where  telemetry  and  tracking  data  are  processed.  Com¬ 
mands  are  normally  initiated  at  the  control  center  but  can  be  initi¬ 
ated  at  the  terminal. 

The  communication  terminals  are  the  link  between  the  Marisat 
system  and  the  regular  terrestrial  communication  networks.  The 
terminals  can  handle  duplex  voice  and  telegraph  signals.  2400- 
bps  data,  and  simplex  ship-to-shore  data  and  telegraphy.  A  com¬ 
puter  at  each  terminal  keeps  traffic  records,  assigns  satellite  chan¬ 
nels  (i.e..  transmission  and  reception  frequencies)  to  users,  and 
controls  transmission  path  switching.  Channel  assignments  are 
made  in  response  to  calls  initiated  from  ships  or  through  the  ter¬ 
restrial  networks.  In  addition,  the  shore  station  can  transmit 
broadcast  messages  to  all  ships  of  a  specific  company  or  national¬ 
ity.  or  to  all  ships  in  a  certain  geographic  area.  Signaling  related  to 
channel  assignments  is  handled  through  dedicated  request  (ship- 
to-shore)  and  assignment  (shore-to-ship)  channels.  Emergency 
requests  are  handled  with  a  priority  above  all  other  messages. 

Table  I  gives  the  basic  characteristics  of  the  shore  and  ship  ter¬ 
minals  which  were  in  use  with  the  initial  Marisat  system.  The 
ship  terminal  is  capable  of  receiving  and  transmitting  one  voice 
channel  or  2400  bps  data.  Approximately  160  of  the  larger  ship 
terminals  were  in  use  by  December  1978.  increasing  to  600  in 
early  1981  and  1  (XX)  by  January  1982.  These  terminals  have  oper¬ 
ated  within  the  Inmarsat  system  since  it  came  into  being.  The  In¬ 
marsat  System  section  describes  the  evolution  of  terminal  sizes 
and  numbers  since  then. 

The  Navy  provided  its  own  ship  and  shore  terminals  for  use 
with  the  UHF  channels.  These  terminals  were  also  being  used 
with  the  FLTSATCOM  satellites  but  could  be  tuned  to  Marisat 
frequencies.  The  shore  terminals  had  both  communications  and 
network  control  functions. 
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TDFSS 


Throughout  most  of  its  history.  NASA  depended  on  a  world¬ 
wide  network  of  ground  stations  for  TT&C  support  of  their  satel¬ 
lites.  These  stations  must  be  connected  with  CONUS  mission 
control  centers  by  an  extensive  communications  network.  How¬ 
ever  he  contact  these  stations  have  with  the  satellites  they  sup¬ 
port  is  limited  by  geometry.  Continuous  contact  is  possible  for 
satellites  at  synchronous  altitude,  but  many  satellites  are  in  rela¬ 
tively  low-altitude  orbits  (<1000  nmi).  For  these  satellites,  con¬ 
tact  durations  range  from  a  few  to  perhaps  20  min.  w  ith  periods  of 
several  hours  between  contacts.  The  result  is  that  a  mission  con¬ 
trol  center  can  communicate  w  ith  a  satellite  for  a  small  fraction  of 
time  (typically  <15'r ).  These  limitations  are  being  overcome  by  a 


Tracking  and  Data  Relay  Satellite  iTDRS)  System  (TDRSS)  1 1- 
38 1-  In  addition  to  improv  ing  coverage,  the  TDRSS  is  allowing 
NASA  to  close  most  of  its  overseas  facilities. 

Initial  studies  of  the  TDRSS  were  conducted  in  the  early 
1470s.  Extensive  system  definition  work  was  done  in  1473.  and 
two  contractors  completed  system  designs  in  early  1476.  At  the 
same  time.  NASA.  Congress,  and  the  General  Accounting  Office 
were  analyzing  the  relative  merits  of  leasing  or  purchasing  the 
system.  The  decision  was  that  NASA  should  lease  the  system, 
and  at  the  end  of  1476.  NASA  awarded  a  contract  for  the  devel¬ 
opment  and  ten  years  of  operation  of  TDRSS.  The  contract  in¬ 
cluded  both  space  and  ground  segments  of  the  system. 
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The  two  active  TDRSS  satellites  are  separated  about  130  dee 
m  synchronous  orbit.  This  position  provides  the  maximum  cover¬ 
age  possible  w bile  retaining  v  isibilits  to  a  single  ground  terminal. 
A  spare  satellite  is  intended  to  be  positioned  midway  between  the 
active  satellites.  This  satellite  geometry  provides  X5'7  coverage 
to  the  lowest  altitude  users  (approximately  1 10  nmi).  increasing 
to  100' <  at  650  nmi.  Coverage  for  low  data  rate  users  decreases 
ttbove  1 100  nmi.  but  high  rate  users  can  be  supported  up  to  syn¬ 
chronous  altitude. 

I  DRSS  prov  ides  three  classes  of  user  service.  Each  includes 
forward  data  links  from  the  ground  through  a  TDRS  to  users,  re¬ 
turn  data  links,  and  tracking  links  for  gathering  data  to  be  used  in 
computing  the  orbits  of  user  satellites. 

The  S-band  multiple  access  (MA)  service  can  accommodate 
up  to  twenty  simultaneous  return  links  using  code  div  ision  multi¬ 
ple  access  (CDMA)  at  rates  up  to  50  kbps.  These  links  may  all  go 
through  one  TDRS  or  he  separated  among  two  or  three  TDRSs. 


Multiple  access  serv  ice  allow  s  one  forward  link  per  TDRS.  w  hich 
must  be  shared  sequentially  by  the  users.  Single  access  service  is 
available  at  S-band  iSSA)  or  K-band  (KSA)  for  two  users  per 
TDRS.  Single  access  service  includes  simultaneous  forward  and 
return  links.  Return  link  data  rate  limits  are  12  Mbps  for  S-band 
and  300  Mbps  for  K-band.  Users  require  as  little  as  2-  to  5-W 
transmitters  and  a  low-gain  antenna  to  transmit  about  I  kbps  on 
the  MA  return  and  up  to  about  20  W  and  a  6-ft-diameter  steerable 
antenna  to  transmit  100  Mbps  on  the  KSA  return  link. 

The  central  body  of  the  TDRSS  is  hexagonal,  about  X  ft  across 
and  5  ft  in  height.  This  body  and  the  solar  arrays  are  derived  from 
the  FI TSATCOM  design. 

The  large  antennas  with  the  mesh  surface  are  16  ft  in  diameter 
and  ar  deployed  in  orbit,  being  folded  like  an  umbrella  during 
launch.  They  are  used  for  the  single  access  user  links  ai  both  S- 
and  K-band.  They  can  be  pointed  up  to  00  deg  off  nadir  away 
from  the  satellite  or  up  to  30  deg  off  nadir  toward  the  satellite 
body  and  rotated  ±00  deg  from  nadir  about  the  axis  that  includes 
their  deployment  booms.  The  circular  antenna  to  one  side  of  the 
satellite  body  is  for  the  link  with  the  ground  terminal.  The  thirty 
helix  antennas  on  the  lace  of  the  satellite  form  the  phased  array 
for  the  S-band  multiple  access  links  w  ith  the  users. 

The  D-shaped  antenna  to  one  side  of  the  body  and  the  circular 
antenna  on  the  face  of  the  satellite  are  not  used  by  TDRSS.  They 
are  part  of  the  Advanced  Wcstar  subsystem,  which  shares  the 
spacecraft  with  the  TDRSS  equipment.  The  Advanced  Westar 


equipment  was  not  removed  when  that  mission  was  terminated. 
The  portions  that  are  shared  and  those  that  are  dedicated  to  the 
two  missions  are  indicated  in  the  figure.  Spacecraft  design  and  the 
TDRSS  mission  communication  characteristics  are  as  follows: 

Satellite 

Hexagonal  prism  body,  approximately  X  ft  across.  5  ft  in  height. 
57  ft  between  tips  of  deploy  ed  solar  array  s.  43  ft  across  large  de¬ 
ployed  antennas 

Approximately  5000  lb  in  orbit,  beginning  of  life 
Sun-tracking  solar  array  and  NiC’d  batteries.  1700  W  end  of  life 
Three- -axis-stabilized  using  reaction  wheels.  ±0.1  deg  in  pitch  and 
roll.  ±0.25  deg  in  yaw 

Liquid  monopropellant  propulsion  for  on-orbit  use 

Configuration 

Multiple  S-band  and  K-band  transmitters  and  receivers,  all  con¬ 
nected  to  an  IF  processor 

Capacity 

S-band  multiple  access  (MA):  one  forward  link  at  0.1  to  10  kbps, 
up  to  twenty  simultaneous  return  links  at  0. 1  to  50  kbps  each 
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S-band  single  access  (SSA):  two  forward 
links  at  0. 1  to  3(H)  kbps  each,  two  return 
links  at  0. 1  kbps  to  1 2  Mbps  each 
K-band  single  access  (KSA):  two  for¬ 
ward  links  at  I  kbps  to  25  Mbps  each, 
two  return  links  at  I  kbps  to  300  Mbps 
each 

Each  single  access  antenna  can  support 
one  forward  and  one  return  link  at  S-  or 
K-band  at  a  time  (one  forward  and  one 
return  link  at  both  frequencies  simulta¬ 
neously  is  possible  to  a  single  user  or  to 
separate  users  less  than  0.4  deg  apart) 

Transmitter 

(ERP  values  are  requirements,  which 
were  generally  exceeded  by  on-ground 
measurements) 

MA:  2103.4  to  2109.4  MHz 

35  W  total  power.  3.5  W  each  from 
twelve  phased  elements  (eight  re¬ 
quired  at  end  of  life) 

34-dBW  ERP 

SSA:  in  the  band  2025.8  to  21 17.9  MHz 
1 5/26- W  TWT  (Satellites  1  to  6). 
solid-state  amplifier  (Satellite  7) 

44.0/46.4-dBW  ERP 
KSA:  in  the  band  13.75  to  13.8  GHz 
1 ,5-W  TWT  (Satellites  I  to  6).  solid- 
state  amplifier  (Satellite  7) 

49.4-dBW  ERP 

K-band  to  ground  terminal:  13.4  to  14.05 
GHz 

One  TWT  for  each  of  two  links.  30  W  nominal  at  beginning 
of  life.  22  W  minimum  at  end  of  life,  operated  with  a  few  dB 
backoff 

50.9/52.8-dBW  ERP 

Receiver 

(G/T  values  are  requirements,  which  were  generally  exceeded  by 
on-groundmeasurements) 

MA:  2285  to  2290  MHz 

Transistor  preamplifier  for  each  of  thirty  antenna  elements 
-14.1  dB/K  G/T  per  element  at  edge  of  coverage 
Approximately  -  I  dB/K  overall  G/T  (-2  dB/K  end  of  life) 
SSA:  in  the  22(H)-  to  23<M)-MHz  band 

Parametric  amplifier  first  stage  (Satellites  I  to  6).  FET 
preamplifier  (Satellite  7) 

8.9  dB/K  G/T 

KSA:  in  the  14.891-  to  15.116  GHz  band 

Parametric  amplifier  first  stage  (Satellites  I  to  6).  FET 
preamplifier  (Satellite  7) 

24.4  dB/K  G/T 

K-band  from  ground  iciminal:  14.6  to  15.25  GHz  (for  FDM  com¬ 
posite  of  multiple  links) 

Transistor  preamplifier 
10.0  dB/K  G/T 


Antenna 

MA:  thirty-element  phased  array  (only  twelve  elements  used  for 
transmission).  15.4-dB  peak  element  gain.  13-dB  gain  over  27- 
deg  field  of  view.  13.8-dB  combining  gain,  one  transmit  beam 
and  up  to  twenty  receive  beams  can  be  formed  in  the  26-deg  held, 
circularly  polarized 

SSA  and  KSA:  two  1 6- ft  parabolas.  36.7/53. 5-dB  peak  transmit 
gain.  37.7/54.6-dB  peak  receive  gain.  0.5/0.6-dB  pointing  loss.  2- 
deg/().28-deg  beamwidth.  circular  polarization,  open  loop  S-band 
pointing,  autotrack 

K-band  pointing,  steerable  ±90CN-S  and  30/90°E-W  (30  deg  to¬ 
ward  satellite  body.  90  deg  away) 

K-band  terminal  link:  6.6-ft  parabola.  45.3-dB  peak  transmit 
gain.  46.0-dB  peak  receive  gain.  0.7-dB  pointing  loss.  0.7-deg 
beamwidth.  linear  polarization 

Design  life 

Ten  years 

Orbit 

Synchronous.  <7  deg  inclination.  E-W  stationkeeping  to  ±0. 1  deg 

Orbital  history 

I:  launched  4  April  1983,  active  satellite  at  42  W'  longitude  until 

1989.  spare  at  I7()"W  longitude 

2:  destroyed  by  Shuttle  explosion  January  1986 
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The  initial  ground  terminal  is  called  the 
White  Sands  Ground  Terminal  (WSGT). 
In  1484.  NASA  awarded  a  contract  for  de¬ 
velopment  of  a  Second  TDRSS  Ground 
Terminal  (STGT ).  The  STGT  will  provide 
the  same  function  as  WSGT.  hut  with  in¬ 
creased  reliability  and  automation.  The 
STGT  will  add  another  three  (SO- ft  anten¬ 
nas  to  the  TDRSS  ground  segment,  there¬ 
by  allowing  NASA  to  use  four  active 
satellites  in  the  mid- 1440s  and  beyond. 
The  STGT  will  he  in  operation  starting  in 
1443.  Afterwards,  WSGT  will  he  taken 
out  of  service  and  much  of  its  equipment 
replaced  w  ith  copies  of  STGT  equipment. 


Antennas: 

1  Body-mounted  parabola 

2  and  6  Deployed  solid  reflectors 

30-element  phased  array 
4  and  5  Deployed  mesh  reflectors 

TDRS  i  iinnwiniciition  subsystem. 


T  Equipment  used  only  by  TDRSS 
AW  Equipment  used  only  by  advanced  Westar;* 
other  equipment  is  used  by  either 
T&R  Transmitters  and  receivers 

‘  Prior  to  AW  cancellation  (see  text). 


It  w  ill  reenter  service  in  1444. 

The  original  NASA  contract  for 
TDRSS  was  with  Western  Union  Space 
Communications.  In  1480.  the  contract 
was  transferred  to  a  partnership  of  West¬ 
ern  Union.  Fairchild,  and  Continental 
Telephone,  called  Spacecom.  At  the  end  of 


3:  launched  20  September  14X8.  active  satellite  at  174  W  longi-  1082.  the  contract  was  modified  to  eliminate  the  Advanced  We- 
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star  mission.  At  first,  sharing  the  spacecraft  between  two  missions 


4:  launched  13  March  1080.  active  satellite  at  41  W  loneitude  seemed  to  be  an  economic  advantage  to  both  NASA  and  Western 


5:  launched  2  August  1001 
6:  launch  scheduled  late  1002 
7:  available  1002.  launch  scheduled  1005 
Shuttle/IUS  launch  vehicle 

Management 

Developed  by  I'RW  Defense  and  Space  Systems  Group  for  Space 
Communications.  Inc.  (for  lease  to  NASA) 

Operated  by  Contel  Federal  Systems  (formerly  Space  Communi¬ 
cations.  Inc.) 

Seven  uplinks  from  the  ground  terminal  to  the  TDRS  each 
Iransmit  one  off  he  forward  data  and  tracking  signals  or  command 
and  control  data  for  the  spacecraft.  The  forward  portion  of  the  IF 
processor  frequency  demultiplexes  these  uplinks,  and  the  return 
portion  of  the  processor  combines  all  the  return  links  and  the 
spacecraft  telemetry  for  the  composite  downlink  to  the  terminal. 
The  downlink  uses  two  polari/ations.  one  for  an  FDM  combina¬ 
tion  of  one  KSA  link,  the  two  SSA  links,  the  signals  from  the  TO¬ 
MA  antenna  elements,  and  the  TDRSS  telemetry.  The  other  po¬ 
larization  is  for  the  second  KSA  return  link.  For  reducing  satellite 
complexity,  the  phased  array  beam-forming  computations  and  re¬ 
ceiver  phase  shifters,  the  single-access  antenna  autotracking  com¬ 
putations.  and  the  master  oscillator  tor  the  satellite  frequency 
generator  are  all  in  the  terminal.  The  uplinks  and  downlinks  in¬ 
clude  all  signals  necessary  for  these  functions. 

T  he  TDRSS  ground  terminal  is  located  at  White  Sands.  New 
Mexico,  and  the  building  includes  all  equipment  necessary  for 
T  DRSS  operations  as  well  as  space  for  NASA  to  install  mission- 
peculiar  equipment.  T  hree  60- IT  antennas  handle  the  uplinks  and 
downlinks  for  three  active  satellites  and  one  spare.  The  terminal 
also  has  antennas  tor  S-  and  K-band  user  simulations,  an  S-band 
IT  WU  antenna  (used  during  launch  and  positioning,  and  if  the  K- 
band  TT'&C  fails),  and  a  K-hand  TT&C  antenna.  NASA  provides 
for  communications  between  the  T  DRSS  terminal  and  mission 
control  centers,  primarily  via  domestic  communication  satellites. 


Union.  As  the  program  progressed  however,  both  parties  realized 
they  would  do  better  vv  ith  separate  satellites.  (Western  Union  had 
already  launched  the  Westar  IV  and  V  because  of  the  delay  in  or¬ 
biting  the  Advanced  Westar  mission.)  Therefore.  NASA  paid 
Spacecom  to  gain  full  control  of  the  satellites.  This  pay  men!  com¬ 
pensated  Spacecom  for  the  revenues  it  would  have  received  from 
the  use  of  Advanced  Westar.  In  January  1 483.  Western  Union  sold 
its  share  of  Spacecom  to  the  other  two  partners:  and  in  1485.  Fair- 
child  sold  its  share,  leav  ing  Continental  Telecom  (formerly  Conti¬ 
nental  Telephone)  as  sole  owner  of  Spacecom.  In  1440.  a  new 
contract  transferred  ownership  of  the  sy  stem  to  NASA  but  re¬ 
tained  Contel  as  the  operator. 

The  C-band  equipment  on  the  tirst  six  TDRS  spacecraft  is  sep¬ 
arate  from  all  the  TDRSS  mission  equipment,  and  the  two  can  be 
operated  simultaneously.  Alter  Satellite  I.  the  C-band  antenna 
patterns  were  modified  to  allow  transoceanic  communications 
from  the  normal  TDRS  operating  locations.  In  1440.  the  C-band 
equipment  on  Satellites  3  and  4  was  leased  to  Columbia  Commu¬ 
nications.  Their  use  of  it  is  described  in  an  earlier  section  on  inter¬ 
national  satellites. 

The  TDRSS  spacecraft  are  launched  on  the  Shuttle  and  boost¬ 
ed  to  synchronous  orbit  by  the  Inertial  Upper  Stage  (JUS).  The 
first  launch  was  scheduled  for  1480.  but  the  Shuttle  was  unable  to 
meet  that  schedule.  The  first  launch  actually  occurred  in  April 
1483.  The  IUS  malfunctioned  and  left  the  TDRSS  in  an  elliptical 
orbit.  In  May  and  June,  through  a  long  sequence  of  thruster  fir¬ 
ings.  the  spacecraft  was  moved  to  synchronous  orbit.  By  early 
August.  MA  service  to  the  low-altitude  l.andsat  4  had  been  dem¬ 
onstrated.  Fligh  rate  serv  ice  was  initiated  a  few  months  later.  The 
next  TDRS  launch  was  delayed  until  the  IUS  problem  was  cor¬ 
rected.  Meanwhile,  component  failures  on  TDRS  I  reduced  its 
usefulness.  The  TDRS  2  launch  was  delayed  again  to  make 
changes  to  fix  the  problems  that  caused  the  failures.  In  I486,  this 
satellite  was  destroyed  in  the  Shuttle  explosion. 

When  Shuttle  launches  resumed,  the  first  carried  TDRS  3.  It 
was  positioned  over  the  Pacific  to  give  NASA  one  satellite  over 
each  ocean.  TDRS  4  was  launched  in  1484  and  replaced  TDRS  I 


over  the  Atlantic.  Because  of  minor  failures  on  TDRS  3.  TDRS  I 
was  moved  to  the  Paeitie  as  a  spare.  TDRS  5  was  launched  in  Au¬ 
gust  1991;  after  checkout,  it  will  replace  TDRS  3  which  w  ill 
move  to  62°W  longitude  and  become  the  system's  spare  satellite. 

The  next  launch  is  scheduled  for  late  1992.  A  seventh  satellite 
is  being  built  under  a  new  contract.  It  will  be  ready  in  1992  but  is 
not  expected  to  be  launched  until  1993.  This  contract  has  an  op¬ 
tion  for  an  eighth  satellite.  Some  parts  have  been  ordered,  but 
construction  of  the  satellite  has  not  been  authorized  yet.  These 
'wo  satellites  have  newer  electronics  than  the  first  six  and  do  not 
have  the  C-band  equipment. 

NASA  has  been  studying  an  Advanced  TDRSS  (ATDRSS) 
since  1986.  This  system  w  ill  continue  all  the  services  supplied  by 
TDRSS.  with  certain  improvements  in  N1A  service.  It  w  ill  also 
add  an  additional  Ka-band  single  access  service  in  the  23-  to  28- 
GHz  spectrum  with  return  data  rates  up  to  about  630  Mbps.  Three 
contractors  finished  system  definition  studies  of  ATDRSS  in  mid- 
1991.  One  will  be  selected  in  fall  1992  to  begin  development  of 
the  satellites.  The  first  ATDRSS  launch  will  not  occur  before 
1997. 
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MSAT 


In  1980.  the  Canadian  government  undertook  a  study  of  a 
communication  satellite  system  to  provide  service  to  mobile  ter¬ 
minals.  including  land  vehicles,  ships,  and  airplanes.  In  1982.  the 
idea  evolved  into  a  joint  Canada-NASA  effort.  At  the  same  time. 
NASA  asked  the  FCC  to  set  aside  a  portion  of  the  806-  to  890- 
MHz  hand  for  this  type  of  system.  In  1983.  two  United  States 
companies  submitted  applications  to  the  FCC  for  permission  to 
develop  and  operate  mobile  communication  systems  using  satel¬ 
lites.  As  a  result  of  this  commercial  interest.  Canada  and  NASA 
agreed,  in  1984.  to  support  separate,  but  coordinated,  commercial 
systems  in  each  nation.  The  Canadian  name  for  this  system  is 
MSat:  in  the  United  States,  the  generic  term  MSS  (mobile  satel¬ 
lite  sen  ice)  is  common ly  used  1 1-1.3). 

The  goal  of  an  MSS  system  is  to  prov  ide  voice,  message,  and 
data  communications,  and  perhaps  position  determination  also,  to 
mobile  users.  In  urban  areas,  these  serv  ices  can  be  prov  ided  by 
terrestrial  systems,  but  they  cover  less  than  1 5'i  of  the  North 
American  land  mass  and  even  less  of  ocean  areas  near  the  conti¬ 
nent.  Satellite  systems  can  cover  all  areas  of  interest  and  afford 
distance-insensitive  prices  and  flexible  call  routing  regardless  of 
the  mobile  user's  location.  However,  satellite  signals  are  severely 
attenuated  by  large  buildings  in  urban  centers,  so  satellite  and  ter¬ 
restrial  systems  do  have  complementary  roles. 

As  a  result  of  the  early  applications,  the  FCC  started  an  inquiry 
into  the  appropriate  national  policy  for  these  systems.  In  the 
spring  of  1985.  twelve  companies  (including  the  original  two) 
submitted  proposals  in  response  to  an  FCC  invitation.  There  was 
considerable  variation  among  the  twelve.  All  were  intended  to 
serve  mobile  users  and  lived  users  who  are  remote  from  terrestrial 
communications.  Services  included  one  or  more  of  voice:  low 
rate,  short  textual  or  numeric  messages:  and  position  determina¬ 
tion.  Frequencies  were  either  the  800-MHz  band  or  E-band  (ap¬ 
proximately  1.5  GH/l  or  both  between  satellites  and  mobile 
terminals.  Other  variations  included  the  number  of  antenna 
beams,  the  number  of  channels,  and  power  levels. 

The  twelve  applications  emphasi/ed  several  policy  questions 
that  took  the  FCC  ovo  .. ;  ear  and  a  half  to  resolve.  The  primary 
questions  were:  which  frequencies  to  use.  how  many  competing 
systems  to  allow,  and  whether  to  distinguish  between  various 
types  of  services  and  between  services  to  air.  land,  and  maritime 
users.  The  FCC  decision  was  announced  at  the  end  of  1986.  The 
key  points  were  that  the  I  nited  Stales  should  have  an  MSS  sys¬ 
tem.  that  this  system  serve  all  types  of  mobile  users,  that  l.-band 
he  used  for  links  between  mobile  users  and  satellites  anil  Ku-hand 


between  fixed  ground  sites  and  satellites,  that  the  satellites  be  pro¬ 
vided  by  a  single  consortium,  and  that  serv  ices  be  offered  by  any 
qualified  entity  using  satellite  capacity  provided  by  the  consor¬ 
tium.  This  decision  was  generally  accepted  by  the  interested  par¬ 
ties.  and  the  main  effort  through  1987  was  to  form  the 
consortium.  Some  of  the  original  applicants  dropped  out.  but  by 
the  end  of  1987  eight  companies  had  reached  an  agreement,  and 
the  consortium  w  as  formally  incorporated  in  the  spring  of  1988  as 
American  Mobile  Satellite  Corporation  (AMSC). 

At  about  the  same  time.  Telesat  Canada,  which  was  the  desig¬ 
nated  satellite  owner  for  the  Canadian  part  of  the  system,  formed 
Telesat  Mobile  Inc.  (TMI)  to  manage  its  MSat  work.  AMSC  and 
TMi  continued  the  intergovernmental  cooperation  on  the  sy  stem 
and  reached  agreement  on  a  fully  coordinated  approach.  Their 
system  1 14-23|  consists  of  two  satellites,  identical  in  design,  with 
multiple  spot  beams  covering  all  of  North  America.  One  satellite 
belongs  to  each  company,  but  they  are  being  procured  together. 
Each  company  will  normally  use  its  ow  n  satellite  for  serv  ice  to  its 
own  country  .  Each  satellite  serves  as  a  backup  to  the  other,  elimi¬ 
nating  the  cost  of  an  in-orbit  spare  satellite,  and  excess  capacity 
on  either  satellite  can  be  leased  to  the  other  operator.  Each  com¬ 
pany  has  its  ow  n  control  center:  but  they  use  a  common  design,  so 
that  each  can  support  the  other. 

In  1988.  AMSC  tiled  a  formal  application  with  the  FCC  and 
was  granted  approval  in  1989.  In  1990.  AMSC  and  TMI  put  out  a 
request  for  proposals  for  their  two  satellites  and  chose  a  contract¬ 
ing  team  near  the  end  of  the  year.  The  team  has  a  United  States 
contractor  building  the  spacecraft  and  a  Canadian  contractor 
building  the  communications  pay  load  and  integrating  the  space¬ 
craft  and  pay  load. 

The  appearance  of  MSat  is  dominated  by  the  two  large  antenna 
reflectors.  These  reflectors,  about  17  ft  in  diameter,  plus  multiple 
feed  elements  on  the  satellite  body,  form  the  multiple  E-band 
beams.  One  antenna  is  for  transmission  and  one  for  reception.  A 
2- ft  antenna  on  the  satellite  body  forms  a  single  Ku-hand  pattern 
shaped  to  match  the  North  American  land  mass.  The  deploy  ed  so¬ 
lar  arrays  and  the  support  subsystems  within  the  spacecraft  body 
are  similar  to  those  used  on  Aussat  B  and  the  Galaxy  IV  and  VII 
satellites.  Tentative  details  are: 

Satellite 

Rectangular  body  approximately  6x7x7  ft.  span  across  solar  ar¬ 
rays  69  ft.  span  across  large  reflectors  (C  ft 
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Approximately  3400  lb  in  orbit,  beginning 
of  life 

Sun-tracking  solar  arrays/NiHi  battery,  ap¬ 
proximately  3000  W 

Three-axis  stabilization  using  gimballed 
momentum  wheels 

Configuration 

Multiple  Ku-band  to  L-band  channels 
(fixed  sites  to  mobiles) 

Multiple  L-band  to  Ku-band  channels  (mo¬ 
biles  to  fixed  sites) 

Ku-band  to  Ku-band  channel  (fixed  site  to 
fixed  site) 

Transmitter 

L-band:  1530  to  1559  MHz 

Sixteen  solid-state  power  amplifiers, 
each  approximately  40-W  output 
ERP  (total  for  all  channels)  55.5  dBW 
over  959}-  of  the  land  area.  54  dBW 
over  1009}  of  the  service  area  (land 
plus  ocean) 

Ku-band:  10.75  to  10.95  GHz  (  1 1.7  to 
1 1 .9  GHz  on  future  satellites) 

Approximately  5-W  output 
ERP  36  dBW  over  959  of  land  area 

Receiver 

L-band:  1626.5  to  1660.5  MHz 

G/T  2.8  dB/K  over  959  of  land  area. 

1 .8  dB/K  over  1009  of  service  area 
K-band:  13.0  to  13.15  and  13.2  to  13.25 
GHz  (14.0  to  14.2  GHz  on  future  satellites) 

G/T  -3  dB/K  over  959  of  land  area 

Antenna 

L-band:  two  reflectors,  17-  to  20- ft  dia.. 
with  multiple  feed  elements  (cup-dipoles) 
to  form  multiple  beams  covering  all  of 
Canada,  the  United  States,  coastal  waters 
to  200  nmi  offshore,  and  perhaps  Mexico 
Ku-band:  one  reflector,  approximately  2-ft  dia.  with  multiple  feed 
horns  to  generate  one  beam  covering  North  America 

Design  life 

Ten  years  or  longer 


The  satellite  communication  subsystem  has  two  main  paths.  L- 
band  to  Ku-band  and  Ku-band  to  L-band.  The  first  is  for  commu¬ 
nications  from  mobiles  to  fixed  stations,  and  the  second  is  for 
fixed  stations  to  mobiles.  A  secondary  path.  Ku-band  to  Ku-band. 
is  for  coordination  and  network  control,  connecting  the  mission 


Orbit 

Synchronous  equatorial.  I()I°W  longitude  (AMSC).  I06.5CW 
longitude  (TMI).  62°W  and  I39CW  longitude  (future  AMSC  sat¬ 
ellites) 

Orbital  history 

TMI  launch  planned  in  1994.  Ariane  launch  vehicle 
AMSC  launch  planned  in  1995 

Management 

Developed  for  AMSC  and  TMI  by  Hughes  Aircraft  Company  and 
Spar  Aerospace 

Operated  bv  AMSC.  and  by  Telesat  Canada  lor  TMI 


control  center  and  the  fixed  sites.  Two  mobiles  can  communicate 
only  by  a  double  hop  through  a  fixed  site. 

The  L-band  spectrum  is  divided  into  many  pieces  correspond¬ 
ing  to  various  specific  uses  and  types  of  mobile  terminals.  Each 
piece  of  the  spectrum  w  ill  correspond  to  a  filter  in  the  L-band 
transmitter  or  receiver.  These  filter  banks,  transmitters,  and  re¬ 
ceivers  w  ill  be  replicated  for  each  L-band  antenna  beam.  Within 
the  filtered  bands,  each  individual  signal  will  have  a  5-kHz  band¬ 
width.  These  5-kHz  channels  will  he  assigned  on  demand  with 
consideration  of  priorities  and  returned  to  a  common  I  \  available 
pool  when  no  longer  needed.  The  priority  aspect  of  the  demand 
assignment  scheme  will  ensure  that  channels  are  always  available 
for  emergency  communications.  Since  tl...  instant  'icons  traffic 
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>ad  in  each  beam  w  ill  vary  considerably  over  a  day.  the  transmit- 
r  power  in  each  beam  will  also  be  varied. 

The  MSat  system  will  support  transmission  of  voice,  data, 
lessages.  paging,  and  position  location  information.  Any  of 
tese  types  of  communication  may  be  part  of  a  private  network  or 
iterconnected  with  the  public  switched  network.  To  initiate  a 
ansmission.  a  request  is  sent  over  a  signaling  channel  to  the  net- 
ork  control  center.  The  center  assigns  L-band  and  Ku-hand  fre- 
uencies  and.  for  public  switched  network  use.  it  also  assigns  the 
xed  site  closest  to  the  requested  destination.  Upon  receiving 
tese  assignments,  the  mobile  and  the  fixed  site  begin  comrnuni- 
ation. 

AMSC  and  TM1  have  begun  limited  service  using  satellite  ca- 
acity  leased  from  Inmarsat.  All  traffic  w  ill  be  transferred  to  their 
wn  satellites  w  hen  they  are  launched,  probably  in  1994  or  1995. 
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UNITED  STATES  DIRECT  BROADCAST  SATELLITES 


In  1963.  the  International  Telecommunications  Union  (ITU) 
established  the  Fixed-Satellite  Service  (FSS)  and  Broadeasting- 
Satellite  Service  (RSS)  as  distinct  radio  services.  In  1971.  the 
ITU  allocated  specific  frequency  bands  to  both  FSS  and  BSS.  The 
FSS  was  intended  for  all  types  of  communications,  via  satellite, 
between  relatively  large,  fixed  ground  terminals.  The  BSS  was  in¬ 
tended  for  transmission  of  television  from  a  central  terminal  to 
moderately  sized  community  reception  terminals  or  small  indi¬ 
vidual  reception  terminals.  The  latter  corresponds  to  the  term  di¬ 
rect  broadcast,  which  means  direct  from  satellite  to  home,  in 
contrast  to  cable  distribution  or  terrestrial  rebroadcast  of  televi¬ 
sion  signals  received  from  a  satellite. 

ATS  6,  CTS,  and  the  Japanese  broadcasting  satellite,  launched 
in  1974.  1976.  and  1978.  respectively,  were  the  first  satellites  to 
demonstrate  high-power  broadcasts  to  simple  community  and 
home  receivers  with  antenna  diameters  as  small  as  2  ft.  In  1977. 
an  ITU  conference  defined  direct  broadcast  system  characteristics 
and  assigned  satellite  locations  and  frequencies  for  all  countries 
except  those  in  North  and  South  America.  An  ITU  conference  in 
June  and  July  1983  did  the  same  for  the  Americas  The  FCC  be¬ 
gan  preparations  for  the  1983  conference  in  the  summer  of  1980. 
In  October  of  that  same  year,  the  FCC  undertook  to  define,  allow  ¬ 
ing  for  comments  from  all  interested  parties,  a  direct  broadcast 
system  policy.  In  April  1981.  this  investigation  concluded  that 
such  sy  stems  are  in  the  public  interest  and  should  be  permitted  to 
develop  with  a  minimum  of  regulation. 

At  the  same  time,  however,  direct  broadcast  systems  of  a  dif¬ 
ferent  nature  were  developing  in  the  marketplace.  The  first  type  is 
now  called  a  low-power  direct  broadcasting  satellite  or  system 
(DBS).  Low -power  DBS  is  home  reception  of  4-GHz  FSS  down¬ 
links  from  many  of  the  Canadian  and  United  States  satellites  pre¬ 
viously  discussed.  These  dow  nlinks  are  intended  for  distribution 
of  network  television  to  affiliate  local  broadcasting  stations  and 
for  distribution  of  various  types  of  television  programming  to  ca¬ 
ble  television  systems.  When  this  started,  in  the  late  1970s.  a  typ¬ 
ical  receiving  antenna  diameter  was  33  ft.  However,  with 
improvements  in  low-noise  amplifiers,  and  the  realization  that  a 
home  viewer  will  have  good  picture  quality  with  less  signal 
strength  than  a  commercial  distributor  requires,  home  reception 
became  possible  with  a  receiver  that  costs  as  little  as  SI 000.  with 
antenna  diameters  as  small  as  6  ft.  At  the  present  time,  about  three 
million  homes  are  equipped  to  receive  the  4-GHz  FSS  downlinks, 
making  low-power  DBS  a  significant  industry.  Furthermore,  this 
entire  industry  is  based  on  intercepting  signals  intended  for  an¬ 
other  class  of  receivers.  Such  home  reception,  when  limited  to 
private  use  in  the  home,  was  given  legal  recognition  by  Congress 
in  1984. 

Medium-power  DBS  refers  to  home  reception  of  12-GHz  FSS 
downlinks.  The  name  occurs  because  these  downlinks  usually 
have  higher  power  than  4-GHz  downlinks.  As  a  result,  antenna 
diameters  may  be  as  small  as  4  ft  and  receiver  prices  as  low  as 
$500.  There  are  two  types  of  medium-power  signals:  those  in¬ 
tended  for  commercial  reception  and  intercepted  by  home  receiv¬ 
ers.  and  those  intended  for  home  reception.  Medium-power  DBS 
is  a  more  recent  development,  and  the  number  of  homes  w  ith  re¬ 
ceivers  is  probably  about  50.000.  Like  low -power  DBS.  most  of 
these  are  in  the  United  States.  Some  are  in  Canada,  aimed  at  ei¬ 
ther  Canadian  or  United  States  satellites,  anil  fewer  are  in  other 
places  close  enough  to  the  United  States  to  have  adequate  signal 
levels. 


High-power  DBS  refers  to  signals  transmitted  by  high-power 
BSS  satellites  and  intended  for  home  reception.  High-power  sys¬ 
tems  are  designed  such  that  receivers  will  cost  $300  to  $600  and 
use  2-  to  3  -  ft  antennas.  The  satellite  and  systems  discussed  here 
are  all  for  high-power  DBS:  none  is  in  operation  yet  1 1  - 2 3 1 .  A 
good  review  and  comparison  of  low-,  medium-,  and  high-power 
DBS  is  in 

The  first  application  for  a  high-power  DBS  system  was  tiled 
by  Satellite  Telev  ision  Corporation  (STC).  a  subsidiary  of  Com¬ 
sat  Corporation,  in  December  1980.  The  l:CC  combined  that  ap¬ 
plication  with  thirteen  others  that  were  received  by  the  July  1981 
deadline  for  tirst-round  consideration.  STC's  application  was  ap¬ 
proved  in  October  1982  and  seven  others  the  next  month.  Ap¬ 
proval  meant  that  a  satellite  construction  permit  would  be  granted 
on  two  conditions: 

•  The  satellite  design  would  have  to  be  modilied  to  comply 
w  ith  the  results  of  the  1983  ITU  conference. 

•  Under  due  diligence,  satellite  construction  w  ould  have  to  be¬ 
gin  or  a  contract  for  satellite  construction  would  have  to  be 
completed  within  one  year  after  the  permit  was  issued  (even¬ 
tually.  tirst-round  applicants  were  given  about  two  years). 

The  second  condition  also  has  been  applied  to  all  construction 
permits  granted  in  succeeding  rounds.  If  an  applicant  satisfies  the 
due  diligence  condition,  possibly  after  an  extension  of  the  one- 
year  period,  an  orbital  location  and  specific  DBS  channel  fre¬ 
quencies  are  assigned  by  the  FCC.  The  locations  and  frequencies 
are  drawn,  from  those  allocated  to  the  United  States  by  the  ITU. 
on  a  lirst-eome.  first-served  basis.  Applicants  w  ho  fail  to  show 
due  diligence  have  their  permits  cancelled. 

In  January  1984.  the  eight  approved  applicants  all  submitted 
modifications  to  satisfy  the  ITU  conference  decisions.  In  the  same 
month,  seven  second-round  applications  were  received.  In  the 
summer  of  1984.  two  tirst-round  applicants  w  ithdrew.  Their  per¬ 
mits.  and  two  others,  were  revoked  by  the  FCC  in  October  1984 
for  lack  of  due  diligence.  In  1984.  STC  announced  that  it  w  ould 
no  longer  be  a  DBS  operator  but  did  not  cancel  the  order  for  con¬ 
struction  of  its  satellites.  One  was  sold  to  Japan  as  BS-2X:  later, 
the  other  also  was  sold  to  Japan  as  BS-3H. 

Six  second-round  permits  w  ere  granted  in  December  1984  and 
January  1985.  By  this  time,  the  FCC  was  receiv  ing  requests  to 
modify  previously  submitted  applications.  Modifications  that  re¬ 
quired  no  additional  orbit  locations  and  spectrum  were  approved. 
Typically,  these  modifications  were  to  double  the  coverage  of  a 
satellite,  because  home  receiver  improvements  or  better  modula¬ 
tion  techniques  permitted  operation  with  a  lower  received  power. 
Other  modifications  included  requests  for  additional  channels  on 
a  satellite.  This  modification  would  reduce  the  per-channel  cost; 
but.  because  additional  spectrum  was  required,  the  FCC  placed 
these  requests  with  new  applications  in  whatever  round  w  as  open 
at  that  time. 

The  third-round  deadline  was  February  1985.  Six  permits  were 
granted  in  September:  three  were  new.  and  three  were  modifica¬ 
tions  of  existing  permits.  The  fourth  round  concluded  near  the 
end  of  1986.  Three  permits  were  granted,  all  for  modified  ver¬ 
sions  of  applications  formerly  approved  in  prev  ious  rounds.  At 
the  same  time,  the  FCC  authorized  DBS  systems  to  handle  some 
nonv  ideo  transmissions  on  a  limited  basis.  The  lifth-round  dead¬ 
line  was  in  the  spring  of  1988.  Nine  applications  were  submitted: 
only  three  were  from  new  applicants.  In  August  1989.  the  FCC 
granted  permits  to  seven  applicants:  one  other  was  deferred  be¬ 
cause  of  concerns  about  its  anti  competitive  nature,  since  the 
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Table  I .  DBS  Const  nut  ion  Permits 


Rmiwn  !  PERMIT 
ROUND  DATES 

APPLICANT' 

STATUS 

1  lOct..  Nov. 

Satellite  Television  Corp. 

Reduced  commitment  since  1984.  sold  satellites  in  1986 

1982 

I 

i 

CBS 

Direct  Broadcasting  Satellite  Corp. 
Graphic  Scanning  Corp. 

RCA  Americom 

U  S  Satellite  Broadcasting  Corp. 

Video  Satellite  Systems0 

Western  Union  Telegraph  Co. 

Withdrew,  permit  canceled  in  1984 

Gave  up  permit  in  1985  1o  enter  fourth  round  for  more  channels 

Permit  canceled  in  1984.  entered  third  round 

Permit  canceled  in  1984,  entered  third  round 

Satellites  in  construction 

Satellites  in  construction,  purchased  STC  satellites  in  1986 

Withdrew,  permit  canceled  in  1984 

2  Dec.  1984. 

Advanced  Communications  Corp. 

?  (due  diligence  year  expired)0 

|Jan.  1985 

I 

Hughes  Communications  Galaxy.  Inc. 
National  Christian  Network.  Inc. 

National  Exchange.  Inc. 

Satellite  Development  Trust 

Syndicated  Satellite  Systems,  inc 

Satellites  in  construction 

?  (due  diligence  year  expired) 

?  (due  diligence  year  expired) 

?  (due  diligence  year  expired) 

Gave  up  permit  in  1985  to  enter  fourth  round  for  more  channels 

i 

3  |5ept.  1985 

1 

i 

j 

j 

Advanced  Communications  Corp. 

Antares  Satellite  Corp. 

Dominion  Video  Satellite  Corp. 

Graphic  Scanning  Corp. 

RCA  Americom 

Modified  second-round  (6  channels)  permit  to  8  channels,  see 
comment  above 

?  (due  diligence  year  expired  Sept.  1986) 

Modified  first-round  (12  channels)  permit  to  16  channels 
?  (due  diligence  year  expired  Sept.  1986) 

?  (due  diligence  year  expired  Sept.  1986) 

U  S.  Satellite  Broadcasting  Corp. 

-  _ 

Modified  first-round  (6  channels)  permit  to  8  channels 

Only  applicants  that  were  granted  permits  are  given 
Now  called  Dominion  Video  Satellite.  Inc. 

See  text  for  explanation 

wner  also  is  a  large  operator  of  cable  television  systems.  The 
inth  fifth-round  applicant  withdrew. 

In  1990.  there  were  nine  active  applicants:  the  seven  approved 
i  the  tilth  round,  one  remaining  from  the  four  previous  rounds, 
id  the  one  deferred  in  the  fifth  round.  Additional  ventures  were 
lnounced  in  1990.  However,  although  several  applicants  have 


satellites  on  order,  actual  schedules  are  va gue.  Launch  dates  are 
usually  stated  as  desires  or  modified  by  "as  early  as.”  It  is  unlike¬ 
ly  that  any  high-power  DBS  satellites  will  be  launched  before 
1994. 

The  fundamental  reason  for  no  launches  after  years  of  rCC 
permits  is  financial.  The  early  cost  estimates  were  $200  to  $800 
million  to  pul  a  system  into  operation:  i.e..  to  get  at  least  two  sat¬ 
ellites  into  orbit  and  in  use.  Recent  cost  estimates  are  rarely  less 


Table  2.  DBS  Characteristics 


SYSTEM 

NUMBER  OF 
SATELLITES 
AND  THEIR 
COVERAGE 

CHANNELS 

PER 

SATELLITE 

CHANNELS 
AVAILABLE 
TO  ANY 
VIEWER* 

APPROXIMATE 
ERP  PER 
CHANNEL,  dBW 

RECEIVER 
ANTENNA 
DIAMETER,  ft 

SATELLITE 

CHANNEL 

NUMBERS” 

AND  LOCATIONS 

Dominion  Video 
Satellite.  Inc. 

Two.  each  with 
two  one-fourth 
CONUS  beams 

16 

(eight  per 
beam) 

8 

54 

2 

Channels  1-16  (8  per  satellite) 
119°W  (both  satellites) 

Hughes 

Communications 
Galaxy,  Inc. 

Two,  each  one- 
half  CONUS 

16 

16 

51 

2-4 

Channels  1-32  (16  per  satellite) 
10i°W  (both  satellites) 

Satellite  Television 
Corp. 

Two.  each  full 
CONUSc 

3 

6 

50-54‘I 

2.5 

Channels  3,  5.  7.  110°W 
Channels  4.  6,  8.  110°W 

U  S.  Satellite 
Broadcasting  Corp. 

Two.  each  one- 
half  CONUS 

8 

8 

54 

2 

Channels  9-16  110°W 
Channels  9-16  148°W 

Viewers  located  in  coverage  overlap  areas  can  receive  twice  as  many 
channels 

Channels  1-16  are  frequency  interleaved  with  and  on  the  opposite 
polarization  of  channels  17-32,  in  the  12.2-  to  12.7  GHz  band. 


c  Initially,  one-fourth  CONUS,  then  one-half  CONUS,  now  full  CONUS. 
a  ERP  is  weighted  across  CONUS  by  rainfall  intensity  and  population 

density. 
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than  $400  million.  The  primary  cost  is  for  the  satellites  and  for 
launching  them,  but  developing  quality  programs  to  transmit 
through  the  satellites  also  is  expensive.  Furthermore,  extensive 
competition  from  cable  television,  low-  and  medium-power  DBS. 
and  video  tapes  causes  some  financiers  to  be  hesitant  to  support 
high-power  DBS  ventures. 

One  trend  among  the  evolving  high-power  applications  has 
been  more  channels  per  satellite  and  more  area  covered  by  each 
satellite.  This  definitely  reduces  the  satellite  cost  for  each  chan¬ 
nel.  but  not  the  cost  of  programs  for  the  channels.  For  compa. 
son,  the  first  STC  application  had  three  channels  per  satellite  with 
four  satellites  required  to  serve  the  entire  United  States.  By  1989, 
the  typical  satellite  had  sixteen  channels:  only  two  were  required 
to  serve  CONUS,  although  plans  for  service  to  Hawaii,  Alaska, 
and  Puerto  Rico  were  uncertain.  The  increased  number  of  chan¬ 
nels  is  due  both  to  the  growing  capacity  of  satellites  to  support  the 
required  transmitters  and  to  improvements  in  receiver  technology 
reducing  the  required  satellite  transmitter  power. 

As  of  1990.  the  typical  satellite  had  sixteen  channels  each  w  ith 
a  transmitter  power  of  100  to  1 25  W.  The  channels  are  part  of  the 
thirty-two  allocated  by  the  ITU  in  the  frequency  bands  17.3  to 
17.8  GHz  for  uplinks  and  12.2  to  12.7  GHz  for  downlinks.  The 
downlink  ERPs  are  50  to  54  dBW  for  an  antenna  beam  that  cov¬ 
ers  half  of  CONUS.  For  satellites  designed  to  cover  all  of  CO¬ 
NUS.  either  the  ERP  is  reduced  about  3  dB.  or  the  number  of 
channels  is  reduced  to  eight  and  the  transmitter  power  doubled. 
Of  the  orbital  locations  assigned  to  the  United  States  bv  the  ITU. 
the  FCC  has  decided  that  61.5°W.  1011 2  3 4 5 6  W.  1 10°W.  and  1 19°W 
longitude  w  ill  be  for  service  to  the  eastern  half  of  CONUS,  and 
that  148=W.  1 57°W.  166°W.  and  I75°W  longitude  will  be  for  ser¬ 
vice  to  the  western  half  of  CONUS.  The  four  eastern  locations 
can  also  be  used  for  broadcasting  to  all  of  CONUS,  if  they  do  not 
cause  interference  to  satellites  operating  from  the  western  loca¬ 
tions.  Actual  satellite  designs  are  still  evolving  and  have  not  been 
described  in  detail. 
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EUROPEAN  SATELLITES 


European  involvement  in  communication  satellites  started 
ith  ground  terminals  participating  in  transmission  experiments 
sine  Echo  I  I960).  Telstar  ( 1962).  and  Relay  (  I *>63).  Satellite 
lanufacturing  began  with  subcontracting  on  the  Intelsat  satellite 
.’velopments.  The  lit  si  European  communication  satellites  were 
ic  Franco-German  Symphonic  and  the  British  military  satellite 
kynet  II.  both  launched  in  ll)74.  Next  was  the  Italian  Sirio  ex- 
.•riment  launched  in  1477.  In  parallel  with  these  programs,  about 
n  western  luiropean  nations  were  delining  a  pan- European  com- 
mnication  satellite  program.  This  program,  managed  by  the  Eu- 
ipean  Space  Agency  (ESA).  launched  a  test  satellite  in  1978  and 
nproved  operational  satellites  beginning  in  1983.  The  operation- 
satellites  are  managed  by  Rutelat.  an  organization  created  lor 
lis  purpose. 

Through  ESA.  the  European  nations  have  developed  a  large 
immunieations  satellite.  Oly  mpus.  The  ESA  developments  have 
rovided.  and  are  expanding,  an  industrial  base  and  spacecraft 
ehnology  for  use  on  other  communication  and  broadcasting  sat¬ 


ellite  programs.  These  new  programs  include  several  European 
national  satellites,  all  of  which  are  now  discussed,  except  for 
Skynet  4.  NATO  IV.  and  Artemis,  which  were  described  previ¬ 
ously.  European  industrial  teams  have  also  competed  for  satellite 
development  for  non-European  customers.  Successes  to  date  are 
Arabsat.  Inmarsat  II.  and  Orion,  as  well  as  continued  subcontract¬ 
ing  on  the  Intelsat  developments. 

Several  national  and  multination  television  broadcasting  satel¬ 
lite  projects  are  discussed  here.  In  Europe,  even  urban  areas  usu¬ 
ally  have  only  two  to  three  terrestrial  broadcasts  available,  so  a 
live-channel  broadcasting  satellite  will  more  than  double  the 
number  of  television  programs  available  to  a  nation.  An  addition¬ 
al  benefit  w  ill  be  the  ability,  over  much  of  Europe,  to  receive 
broadcasts  from  adjacent  nations'  satellites,  thus  further  increas¬ 
ing  the  available  programming.  Furthermore,  studies  estimate  the 
cost  per  new  channel  per  year  via  satellite  to  be  no  more  than  one- 
fourth  the  cost  to  achieve  national  coverage  by  terrestrial  means. 


SYMPHONIE 


The  Symphonic  program  1 1  -8 1  was  a  joint  effort  of  France  and 
ermany  .  established  in  1967.  The  primary  objectives  of  the  pro¬ 
ram  were  to  gain  technical  knowledge  and  experience  in  the  dev¬ 
elopment  of  communication  satellites  and  to  perform 
ansmission  experiments.  A  group  of  six  French  and  German 
impanies.  the  C'lFAS  consortium  (Consortium  Industrie!  Fran- 
i-Allemand  pour  le  Satellite  Sy  mphonic)  designed  and  devel- 
ped  the  satellite. 

The  satellite  had  a  three-axis-stabilized  hexagonal  body  and 
iree  solar  panels  that  were  deployed  in  orbit.  The  solar  panels 
laintained  a  lixed  orientation,  as  they  had  no  mechanism  for 
acking  the  sun.  The  communication  subsy  stem  had  two  90-MHz 
andw  idth  double-conversion  channels.  Each  channel  had  a  tun- 
el  diode  preamplifier  and  a  13-W  TWT  transmitter.  A  single 
irth  coverage  horn  was  used  for  reception.  Two  elliptical  re  flee  - 
>rs  with  off-axis  feeds  were  used  for  transmission.  Each  reflector 
roduced  an  8-  x  1 3 -deg  beam.  One  TWT  w  as  connected  to  each 
ansmitting  antenna,  and  a  sw  itch  allowed  reversal  of  these  coll¬ 
ections.  The  satellites  were  designed  to  be  stationed  over  the  At- 
mtic  Ocean,  w  ith  one  transmitting  antenna  covering  most  of 
urope  and  Africa  and  the  other  covering  the  eastern  United 
tates  and  Canada  and  part  of  South  America.  Other  satellite  de- 
li Is  are  as  follows: 

atellite 

lexagonal  body.  68-in.  maximum  dia..  20-in.  height.  23-ft  dia. 
ith  solar  panels  deploy  ed 
38  lb  in  orbit,  beginning  of  life 

olar  cells  and  NiCd  batteries.  300  W  initially.  180  W  minimum 
Iter  five  years  (batteries  did  not  support  the  communication  sub- 
vstem  during  eclipse) 

hree-axis  stabilization.  0.5-deg  attitude  control  accuracy 
eparate  bipropellant  liquid  propulsion  subsystems  for  apogee 
laneuver  and  on-orbit  use 

lonfiguration 

wo  90-MHz  bandwidth  double-conversion  repeaters 


Capacity 

600  one-way  voice  circuits  or  one  color  TV  signal  with  three 
voice  channels  per  repeater 

Transmitter 

3715  to  3805  MHz  and  3970  to  4060  MHz  (Satellite  2) 

3840t<>  3930  MHz  and  4095  to  4185  MHz  (Satellite  I ) 

13-W  TWT  per  channel  (no  redundancy) 

29-dBW  minimum  ERP  per  channel  over  8-  x  13-deg  field  of 
view.  30  dBW  typical 

Receiver 

5940  to  6030  MHz  and  6195  to  6285  MHz  (Satellite  2) 

6065  to  6155  MHz  and  6320  to  6410  MHz.  (Satellite  I) 

Tunnel  diode  preamplifier,  approximately  7.5-dB  noise  figure 
-15  dB/K  G/T  minimum  over  17-deg  field  of  view,  actual  perfor¬ 
mance  -14  dB/K  or  better 

Antenna 

Receive:  earth  cove  tge  horn.  17.2-deg  beamwidth.  circular  po¬ 
larization 


Satellite  1  Satellite  2 

Receive  frequencies  (F„):  6065-6155  5940-6030 

6320-6410  6195-6285 


Transmit  frequencies  (F,).  3840-3930 

4095-4185 


3714-3805 

3970-4060 


Symphonic  <  immumicalion  subsystem. 
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Transmit:  two  elliptical  reflectors  with 
offset  feeds.  S-  x  1 3 -deg  beamwidth. 
circular  polarization 

Design  life 

Five  years 

Orbit 

Synchronous  equatorial.  11.5  W  longitude,  stationkeeping  to 
±6.5  N-S  and  E-W 

Satellite  I  w  as  moved  to  49T.  longitude  during  1976.  then  re¬ 
turned  to  1 1 .5  W  a  few  years  later 

Orbital  history 

I:  launched  18  December  1974.  turned  off  in  1984  or  1985  and 
moved  out  of  synchronous  orbit 

2:  launched  27  August  1975.  turned  off  in  1984  or  1985  and 
moved  out  of  synchronous  orbit 
Delta  2914  launch  vehicle 

Management 

Developed  by  C'lFAS.  a  French-German  industrial  consortium, 
for  Centre  National  d'Etudes  Spatiales  (CNES) — French  Space 
Agency,  and  Deutsche  Forschungs  und  Versuchsanstalt  fur  l.uft 
und  Raumfahn  (DFVLR) — German  Space  Agency 

The  Symphonic  system  was  planned  for  two  operating  satel¬ 
lites  in  orbit.  Transmitting  and  receiving  frequencies  of  these  two 
satellites  were  not  identical  but  interleaved,  and  thus  the  two  sat¬ 
ellites  could  be  placed  very  close  to  each  other  in  orbit  without 
mutual  interference.  To  ground  terminals,  they  appeared  to  be  a 
single  satellite  w  ith  four  channels. 

Original  plans  were  for  the  launches  from  Kourou.  French 
Guiana,  using  the  Huropa  II  launch  vehicle.  However,  since  the 
Europa  program  was  cancelled,  the  Symphonies  were  launched 
by  the  United  States  on  a  Delta  launcher.  The  first  Symphonic 
launch  occurred  in  December  1974.  and  the  second  launch  was  in 
August  1975.  Initially,  both  satellites  were  at  1 1.5  W  longitude 
and  were  used  for  a  variety  of  communication  links.  In  1976.  the 


first  was  moved  to49rE.  where  it  was  used  by  several  African  and 
Asian  countries  for  experimental  programs.  A  few  years  later,  it 
was  returned  to  approximately  1 1.5  VV.  The  Symphonic  satellites 
were  replaced  by  the  Telecom  I  satellites. 
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EUROPEAN  SPACE  AGENCY 


I'Ik*  European  Space  Agency  (ESA)  |  l-l()|  was  formed  in  May 
'5  by  a  merger  of  the  European  Space  Research  Organization 
iRO)  and  the  European  launcher  Development  Organization. 
\  has  thirteen  memher  nations  and  one  associate  member.  All 
nations  do  not  participate  in  every  program,  but  ir.  -a  pro¬ 
ms  are  supported  by  at  least  eight  nations.  Each  nation's  con¬ 
ditions  to  an  ESA  program  may  vary  from  about  I  to  60G  of 
total  program  cost — Great  Britain.  Germany,  and  France  are 
largest  contributors.  It  is  normal  tor  the  contracted  work  on 
h  ESA  project  to  be  distributed  among  the  countries  in  purpor¬ 
ts  closely  matched  to  their  contributions.  This  results  in  more 
nplieated  industrial  teaming  arrangements  than  exist  in  the 
ited  States,  which  contributes  to  greater  management  amt- 
tilt  and  higher  overhead  costs  1 2|.  However,  teaming  arrange - 
nts  for  commercial  projects  are  simpler. 

The  ESA  lias  seteral  communication  s.tcilnc  projects.  The 
•t  was  the  Orbital  Test  Satellite  tOTSt.  winch  was  a  preopera- 
nal  test  for  a  European  regional  comimmieatioi.  system.  The 
.■rational  satellites  were  called  the  Europe  at  Communication 
tellite  lEC  St  series  and  htite  evolved  into  the  Eutclsat  system, 
trees  is  a  derit  alive  of  EC’S  and  is  designed  for  communication 
tit  ships.  Olympus  is  a  newer  program  with  many  eontmuniea- 
ns  and  spacecraft  technology  demonstrations.  ESA  is  also  pre- 
ring  for  a  Data  Relay  Satellite  program. 
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OTS 


T  he  O’ES  1 1  -25|  was  a  part  of  the  European  Communication 
tellite  Program.  The  primary  objective  of  the  overall  program 
is  to  make  available  to  European  post  and  telecommunications 
thorities  satellite  links  for  a  significant  portion  of  the  intra-Eu- 
pean  telephone,  telegraphy,  and  telex  traffic  in  the  1980s.  as 
.’ll  as  to  satisfy  the  requirements  of  the  European  Broadcasting 
lion  (EBU)  for  Eurovision  relay.  The  program  had  three  phases 
id i ng  to  an  operational  sy  stem:  Phase  1  ( 1970-1971 )  included 
stem  studies  and  initial  technology  development:  Phase  2 
972  1977)  included  additional  technology  develop 
.•nt.  communication  sy  stem  definition,  and  the 
velonmeni  and  launch  of  OTS:  Phase  3 
977  1980)  was  the  procurement 
d  launch  of  operational  sat- 
tiles.  ( After  the  plan  was 
mutinied.  Phase  2  slipped 
out  one  year  and  Phase  3  about 
o  years.) 

OTS  was  basically  experimental  in  na- 
e  but  was  designed  with  a  configuration  similar  to  that  expect - 
for  the  operational  satellites.  The  objectives  of  the  OTS 
tgram  were  to 

•  Demonstrate  the  performance  and  reliability  of  the  satellite 
subsystems. 

•  Demonstrate  the  proposal  operational  capabilities  and  pro- 
v  ide  the  capacity  for  preoperational  transmissions. 


•  Perform  propagation  measurements  at  II  and  14  GHz. 

The  satellite  was  three-axis-stabilized  with  two  solar  arrays 
that  deployed  after  sy  nchronous  orbit  had  been  achieved.  The  so¬ 
lar  arrays  rotated  about  their  axes  to  track  the  sun.  The  main  body 
of  the  satellite  was  a  hexagonal  prism  with  a  maximum  diameter 
of  about  7  ft.  The  six  communications  antennas  were  mounted  on 
the  earth-viewing  end  of  the  satellite  body.  The  OTS  characteris¬ 
tics  are  summarized  as  follows: 


Satellite 

Hexagonal  prism  body.  85-in.  dia.,  77-in.  height.  28.3  It  tip  to  tip 

of  deployed  solar  arrays 

955  lb  in  orbit,  beginning  of  life 

Sun-tracking  solar  array  and  NiCd  batteries.  750  W  initially. 
555  W  minimum  after  three  years 

Three-axis  stabilization.  ±0.17  deg  (pitch  and  roll).  ±0.5  deg 
(yaw ).  3o.  nominal  0.2-deg  antenna  pointing  accuracy 
Solid  rocket  motor  for  apogee  maneuver,  liquid  hydrazine  propul¬ 
sion  for  on-orbit  use 

Configuration 

Six  double-conversion  repeaters  (two  40-MHz.  two  120-MHz. 
two  5-MHz  bandwidth),  dual-polarization  frequency  reuse 

Transmitter 

1 1.490  to  1 1.530  MHz  (two  40-MHz  channels  on  orthogonal  po¬ 
larizations) 

1 1 .580  to  1 1 .700  MHz  (two  1 20-MHz  channels  on  orthogonal  po¬ 
larizations) 

1 1.792.5  to  1 1.797.5  MHz  (two  5-MHz  channels  on  orthogonal 
polarizations) 

One  20-W  TWT  per  repeater,  plus  two  redundant  TWTs 
Peak  HRPper  repeater:  38.5  dBW  (40-MHz  repeaters).  47.5  dBW 
( 120-MHz  repeaters).  41.1  dBW  (5-MHz  repeater) 

Receiver 

14.152.5  to  14.192.5  MHz  (two  40-MHz  channels  on  orthogonal 
polarizations) 

14.242.5  to  14.362.5  MHz  (two  1 20-MHz  channels  on  orthogonal 
polarizations  i 

14.455  to  14.460  MHz  (two  5-MHz  channels  on  orthogonal  po¬ 
larizations) 


Two  receivers  (one  on.  one  standby)  per  polarization  (40-  and 
120-MHz.  channels) 

One  receiver  per  polarization  (5-MHz.  channels) 

Parametric  amplifier 

l(X)()-K  system  noise  temperature 

Peak  G/T:  -3.6  dB/K  (40-  and  1 20-MHz  channels).  - 1 .0  dB/K  (5- 
MHz  channels) 

Antenna 

Three  Eurobeam  A  (two  receive,  one  transmit).  4.25  x  7.5  deg  at 
-3  dB  contour,  approximately  26.5-dB  peak  gain,  linear  polariza¬ 
tion 

Two  Eurobeam  B  (one  receive,  one  transmit).  3.5  x  5  deg  at  -3 
dP  contour,  approximately  29.1-dB  peak  gain,  circular  polariza¬ 
tion 

One  spot  beam  (transmit).  2.5  deg  at  -3  dB  contour,  approximate¬ 
ly  35.5-dB  peak  gain,  linear  polarization 

(Gains  are  measured  at  input  to  receive  filter  or  output  of  transmit 
filter) 

Design  life 

Three  y  ears 

Orbit 

Synchronous  equatorial,  was  10  E  longitude,  moved  to  5  E  lon¬ 
gitude  in  1982.  stalionkeeping  to  ±0.1  N-S  and  E-W 

Orbital  history 

1:  launch  vehicle  failure.  13  September  1977 
2:  launched  1 1  May  1978.  in  regular  use  until  the  end  of  1983. 
used  in  tests  for  several  more  years,  later  moved  above  synchro¬ 
nous  orbit 

Delta  3914  launch  vehicle 


OTS  loninmnit  tilinil  suhw  stem.  COMMUNICATION  CHANNELS 


Management 

Developed  by  Hawker  Siddeley  Dynamics  (now  British  Aero¬ 
space  Dynamics  Group),  prime  contractor  for  MESH  (a  west  Eu¬ 
ropean  industrial  consortium)  for  ESA 
Operated  by  ESA 

The  OTS  communication  subsystem  had  characteristics  identi¬ 
cal  to  those  planned  for  operational  satellites,  except  for  a  re¬ 
duced  number  of  channels.  During  the  time  of  the  OTS  design, 
the  operational  satellites  were  expected  to  have  six  40-MHz  and 
six  120-MH/  channels  grouped  in  pairs  with  the  two  channels  of 
each  pair  sharing  the  same  frequencies  by  means  of  orthogonal 
polarizations.  OTS  had  ot:c  pair  of  40-MH/  channels  and  one  pair 
of  120-MHz  channels.  In  addition,  there  was  a  pair  of  5-MHz 
beacon  channels. 

The  communication  channels  used  orthogonal  linear  polariza¬ 
tions  with  redundant  dual-polarization  receiving  antennas.  These 
antennas  were  connected  to  redundant  wideband  receivers  that 
had  parametric  amplifier  front  ends.  After  the  receivers,  the  four 
channels  were  separated  and  each  passed  through  separate  filters. 
IF  amplifiers,  upconverters.  and  20-W  TWTs.  The  two  40-MH/. 
channels  were  transmitted  by  a  single  antenna  that  radiated  dual 
orthogonal  linear  polarizations.  The  120-MHz  channels  shared  a 
single  dual-polarization  transmit  antenna  that  had  a  narrower 
beamwidth. 

The  beacon  transponder  had  separate  receiving  and  transmit¬ 
ting  antennas,  each  accommodating  both  orthogonal  circular  po¬ 
larizations.  The  transponder  had  two  complete  parallel  sets  of 
equipment  that  could  be  operated  simultaneously,  with  each  chan¬ 
nel  associated  with  one  polarization.  The  transponder  also  gener¬ 
ated  and  transmited  an  unmodulated  beacon  at  a  frequency  below 
the  5-MHz  repeater  band. 

The  40-  and  120-MHz  channels  were  both  used  for  telephony 
transmissions  with  QPSK  modulation  and  TDM  A.  The  40-MH/ 
channels  were  also  used  for  frequency  -modulated  television  sig¬ 
nals.  The  receiv  ing  antennas  for  all  of  these  channels  and  the 
transmitting  antenna  for  the  40-MH/  channels  had  beamwidlhs 


covering  all  of  Europe  plus  a  portion  of  North  Africa.  This  was 
the  Eurobeam  A  coverage  show  n  in  the  European  ground  termi¬ 
nal  sites  figure.  This  coverage  was  required,  because  the  EBU 
must  serve  points  as  w  idely  separated  as  Iceland,  the  Azores,  and 
Israel.  The  120-MH/  channels  used  a  spot-beam  transmitting  an¬ 
tenna  with  a  2.5-deg  beamwidth.  which  included  the  terminals 
handling  about  X5'7  of  the  telephony  traffic.  The  beacon  channel 
used  antennas  with  an  intermediate  beamw  idth  (Eurobeam  B  in 
the  figure).  This  channel  was  used  for  propagation  measurements 
and  experimental  transmissions  by  small  terminals,  e.g..  an  anten¬ 
na  diameter  of  approximately  10  ft.  More  than  thirty  ground  ter¬ 
minal  sites  (generally  only  one  per  country)  expected  in  the 
operational  system  are  shown:  a  few  were  built  in  time  to  partici¬ 
pate  in  OTS  testing. 

When  the  final  design  of  OTS  was  started  in  1074.  the  satellite 
was  sized  for  a  Delta  2014  launch  vehicle.  Later,  it  was  rede¬ 
signed  to  take  adv  antage  of  the  larger  capacity  of  the  Delta  3014. 
In  the  payload,  the  redesign  consisted  of  the  addition  of  the  extra 
TWTs  in  the  w  ideband  channels  and  the  addition  of  the  second 
beacon  channel.  The  first  launch,  in  September  1077.  was  unsuc¬ 
cessful.  because  the  launch  vehicle  exploded  shortly  after  liftoff. 
A  spare  satellite  was  successfully  launched  in  May  1078.  This 
satellite  was  used  through  late  1084  beyond  its  design  life. 
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Marecs 


The  Marols  (Maritime  Orbital  Test  Satellite)  program  1 1  - 1 4 1 
was  approved  in  1475  with  the  objective  to  obtain  experimental 
data  and  preoperational  experience  in  the  maritime  satellite  envi¬ 
ronment.  The  program  included  communications  tests  and  evalu¬ 
ation  of  operational  techniques  and  ship  terminals  of  various 
designs.  The  basic  characteristics  of  the  system  were  consistent 
with  the  available  guidelines  for  future  operational  systems. 

The  Marols  satellite  design  was  based  on  the  OTS  design,  and 
the  development  of  the  two  satellites  overlapped  in  several  as¬ 
pects  such  as  personnel,  components,  and  testing.  The  Marots 
mission  was  basically  experimental:  during  its  development, 
however,  international  discussions  were  proceeding  on  the  de¬ 
ployment  of  an  operational,  global  maritime  sy  stem.  In  1476. 
ESA  offered  Marols  for  use  as  part  of  an  interim  global  system. 
As  a  result  of  many  discussions  with  potential  major  participants 
m  an  international  system,  several  changes  were  made  in  the  Mar¬ 
ots  design.  These  changes  caused  a  significant  delay  in  the  devel¬ 
opment  program  and.  as  a  result.  ESA  decided  to  switch  from  an 
OTS  type  spacecraft  to  the  more  capable  EC'S  spacecraft.  There¬ 


fore.  the  name  of  the  satellite  was  changed  to  Marecs  (Maritime 
European  C'ommunieation  Satellite)  1 15- 25 1 .  Also,  the  emphasis 
of  its  use  w  as  changed  from  experimental  to  operational.  The  sat¬ 
ellite  details  are  as  follows: 

Satellite 

Hexagonal  prism  body.  86-in.  ilia..  77-in.  height:  45  ft  tip  to  tip  of 
deployed  solar  arrays,  overall  height  approximately  100  in. 

1 260  lb  in  orbit,  beginning  of  life 

Sun-tracking  solar  array  and  NiC'il  batteries.  455  \V  beginning  of 
life.  740  Wend  of  life  ’ 

Three-axis  stabilization,  antenna  pointing  accuracy  ±0.2  deg 
(pitch  and  roll).  ±0.55  deg  (yaw  ) 

Solid  rocket  motor  for  apogee  maneuver,  liquid  hydrazine  propul¬ 
sion  for  on-orbit  use 

Configuration 

Three  repeaters:  4.75-Mllz  bandwidth  for  shore-to-ship.  5.4- 
MHz  bandwidth  for  ship-to-shore.  0.5-MHz  for  shore-to-shore 


Capacity 

Thirt\ -live  voice  channels  each  direction  plus  search-and-rescue 
channel  in  ship-to-shore  direction 

Transmitter 

4194.6  to  4200.5  MH/  (to  shore),  I  -W  TWT  plus  spare,  ERP  I  A. 6 
dBW  measured.  14.5  dBW  specified 

1557.75  to  1 542.5  MH/  (to  ships):  ten  transistor  amplifiers  avail¬ 
able.  up  to  six  can  be  on.  maximum  output  75  W:  minimum  mea¬ 
sured  ERP  ov  er  coverage  area  is  >35  dBW 

Receiver 

6420.25  to  6425  MH/  (from  shore).  Ci/T  -12  to  -13  dB/K  mea¬ 
sured.  -17  dB/K  specified 

1 638.6  to  1644.5  MH/  (from  ships).  G/T  -I  I  dB/K  minimum 
measured  ov  er  cov  erage  area 

Antenna 

One  E-band  1 1500-  to  1700-MH/)  parabolic  antenna.  X()-in.  dia.. 
beam  shaped  to  give  1.4  dB  more  gain  at  edge  of  coverage  than 
on  axis 

Two  horns  (one  transmit,  one  receive)  for 4  and  6  GH/ 

All  antennas  are  earth  cov  erage 

Design  life 

Seven  years 

Orbit 

Synchronous  equatorial  (inclination  <3  deg),  stationkeeping  to 
±0.2  E-W 

Orbital  history 

A:  launched  20  December  1981.  26  W  longitude.  I78°E  longi¬ 
tude  from  19X6.  in  use  until  June  1991 
B:  launch  failure.  September  19X2 

B2:  launched  It)  November  19X4.  I77.5°E  longitude.  26°W  lon¬ 
gitude  from  19X6  to  19X9.  56  W  longitude  from  1990.  in  use 
Ariane  launch  vehicle 

Management 

Developed  by  MESH  consortium  (prime  contractor.  Havvker- 
Siddclev  Dynamics,  now  British  Aerospace  Dynamics  Group)  for 
ESA 

Operated  by  ESA  for  Inmarsat 

The  communication  subsystem  of  Marecs  has  three  channels. 
The  forward  channel  (shore-to-ship)  has  a  5-MH/  bandwidth  and 
the  return  channel  has  a  6-MH/  bandwidth.  A  shore-to-shore 
channel  for  network  coordination  has  a  0.5-MH/  bandwidth.  All 
links  with  ships  use  E-band,  and  all  links  with  shore  stations  use 
4  and  6  GH/.  The  return  channel  provides  up  to  fifty  voice  chan¬ 
nels  at  all  limes.  The  forward  channel  handles  up  to  about  forty 
voice  channels,  depending  on  the  ship  terminal  Ci/T.  except  dur¬ 
ing  eclipse  when  the  capacity  is  less  than  ten  channels.  All  ampli¬ 
fiers  are  operated  in  a  near-linear  state,  so  that  FDMA  operation 
can  be  used  with  acceptable  intermodulation  levels.  The  E-hand 
power  amplifier  is  composed  of  ten  parallel  modules  in  two 
groups  of  live:  in  normal  operations,  three  modules  in  each  group 
arc  active. 

The  Marecs  development  program  included  two  (light  model 
satellites.  Discussions  on  the  role  of  Marecs  in  the  Inmarsat  sys¬ 
tem  continued  from  about  I97X  to  19X1.  when  Inmarsat  decided 
to  include  two  Marecs  in  its  first-generation  space  segment. 


Mi tin  v  suicll itc. 


Marecs  A  was  launched  in  Decem¬ 
ber  19X1  and  went  through  testing 
until  it  was  switched  into  the  Inmar¬ 
sat  sy  stem  in  February  19X2.  Marecs 
B  was  lost  in  a  launch  vehicle  failure 
in  September  19X2.  It  was  replaced  by 
Marecs  B2.  w  hich  was  launched  Novem¬ 
ber  19X4.  Because  of  problems  w  ith  the 
Marecs  A  solar  array,  the  positions  of  the 
two  satellites  were  switched  in  19X6.  thus 
placing  Marecs  B2  in  the  Atlantic  area,  where  Inmarsat  traffic  is 
heaviest.  Continuing  solar  array  degradation  caused  Marecs  A  to 
be  remov  ed  from  service  in  1991.  after  exceeding  its  design  life 
by  two  and  one-half  years. 
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In  1990.  Inmarsat  split  their  Atlantic  area  into  two  areas,  in  or¬ 
der  to  increase  services,  and  Marecs  B2  was  moved  to  become  the 
primary  west  Atlantic  satellite.  Additional  information  on  the  use 
of  these  satellites  is  in  the  Inmarsat  systems  section  earlier  in  this 
document. 
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European  Communications  Satellite/Eutelsat  I 


The  European  Communication  Satellite  (ECS)  1 1  -22 1  is  an  op¬ 
erational  satellite  based  on  the  OTS  technology.  Although  Europe 
has  well-developed  terrestrial  communications  facilities,  a  satel¬ 
lite  system  is  needed  to  help  handle  increased  traffic,  provide  an 
alternate  path  for  critical  services,  and  improve  communications 
(especially  television  distribution)  with  noncontinental  points 
such  as  the  A/ores.  The  initial  satellite  capacity  requirements 
were  derived  from  studies  of  European  traffic  levels  during  the 
1980-1990  decade.  The  satellite  system  was  si/ed  to  ac¬ 
commodate  about  half  of  all  transmissions  between 
points  separated  by  more  than  800  km. 


ECS  satellite. 


ment  is  attached  to  the  interior  of  all  three  faces,  with  thermal  ra¬ 
diators  on  the  exterior  of  the  north  and  south  faces.  The  service 
module  includes  the  other  three  faces  and  the  interior  structure. 
All  support  equipment  is  mounted  on  them.  The  solar  arrays  are 
also  attached  to  the  service  module. 

The  satellite  is  si/ed  for  one-half  the  Ariane  launch  capability. 
Because  of  this  limit,  the  power  subsystem  can  support  only  nine 
of  the  communication  subsystem  channels.  Also,  there  is  no 
north-south  .stationkeeping,  which  means  that  all  ground  antennas 
must  have  a  tracking  capability.  The  satellite  details  are  as  fol- 


The  OTS/ECS  program  started  in  the  early  1970s  with  the  de¬ 
velopment  of  a  baseline  design  for  EC'S.  The  purpose  of  the  study 
was  to  determine  what  technology  should  be  tested  on  the  OTS 
for  ECS.  Since  then,  the  ECS  design  has  been  reconsidered  sever¬ 
al  times;  the  present  design  uses  80-MH/  bandwidth  transponders 
rather  than  the  40-  and  120-MH/  combination  used  in  OTS.  Also. 
ECS  has  three  spot  beams  rather  than  the  one  used  on  OTS.  How¬ 
ever.  even  with  these  design  differences,  all  OTS  developments 
are  applicable  to  EC'S. 

EC'S  is  a  three-axis-stabili/ed  satellite  with  sun-tracking  solar 
arrays.  It  is  composed  of  a  serv  ice  module  and  a  communication 
module.  The  communication  module  includes  the  earth-viewing, 
north,  and  south  laces  of  the  body.  The  antennas  are  all  fixed  on 
the  exterior  of  the  earth- viewing  face.  Communications  equip- 


Satellite 

Main  body  maximum  dia.  7  ft.  deployed  solar  arrays  span  45  ft 
1342  (ESC  I  )/l49b  (ESC'  2-5)  lb  in  orbit,  beginning  of  life 
Solar  cells  and  NiC'd  batteries.  1 120  W  at  beginning  of  life. 
920  W  minimum  after  seven  years 

Three-axis  xtabili/ation.  0.2-deg  antenna  pointing  accuracy 
Solid  rocket  motor  for  apogee  maneuver,  liquid  hydra/ine  propul¬ 
sion  for  on-orbit  use 

Configuration 

Twelve  72-MH/  bandwidth  receive  channels,  twelve  (EC'S  1 )/ 1 4 
(IT’S  2-5)  transmit  channels,  double  conversion;  solar  array  can 
power  a  maximum  of  nine  channels,  batteries  can  power  a  maxi¬ 
mum  of  live  ( EC'S  I  i/nine  (ECS  2-5)  channels  during  eclipse; 
dual-polari/ation  frequency  reuse 


EB 

EB 

SA 

S 

12.5-12.58 

GHz 


Notes 

a  LO  input  to  Channel  1-? 
is  9.9  GHz 

b.  LO  input  to  Channel  4-6 
is  10.65  GHz 

c.  EB  =  Eurobeam 
SA  =  Spot  Atlantic 
SW  =  Spot  West 
SE  =  Spot  East 

B  =  Business  Service 
d  X.Y=  linear 
polarizations 


KCS  communication  subsystem. 


e.  No  business  service 

channels  on  ECS  1  ranaoitu 

f.  Channels  1-3  transmit  in 

10.95-11.2  GHz  band  1X00  telephone  calls  ( 120  Mbps  TDM  A  rate),  or  one  TV  signal 

g.  Channels  4-6  transmit  in  v\  i t h  multiple  audio  channels,  or  400  04-kbps  links  to  small  termi- 

11.45-11.7  GHz  band  n;1|s  pC,  channel 

h.  No  channel  4  use  when 

business  channels  are  Transmitter 

in  use 

10.95  to  1 1 .20  GH/  and  11.45  to  1 1 .70  C'iH/  (primary  services) 


business  channels  are 
in  use. 


ECS  antenna  patterns. 


12.50  to  12.58  GH/  (business  services.  ECS  2-5:  also  called  sat¬ 
ellite  multiservices) 

One  20- W  TWT  per  channel  (no  spares) 

ERPat  edge  of  coverage:  34.8  dBW  (Eurobeam).  40.8  dBW  (spot 
beams).  30.8  dBW  (business  service  beam) 

Receiver 

14.0  to  14.5  C.H/ 

G/T  at  edge  of  coverage:  -5.3  dB/K  (Eurobeam),  -2.2  dB/K 
(business  service  beam ) 

Antenna 

Three  24-in. -dia.  parabolas,  each  producing  one  3.7-deg  transmit 
spot  beam:  one  1 7-in. -dia.  parabola  (ECS  I  )/one  offset-fed  toroi¬ 
dal  reflector  (ECS  2-5).  producing  a  5.2-  x  8.9-deg  transmit  Euro¬ 
beam:  two  1 3-in. -dia.  parabolas  (ECS  I  )/two  offset-fed  toroidal 
reflectors  (ECS  2-5).  p.  ’ucing  two  5.2-  x  8.9-deg  receive  Euro¬ 
beams  (ECS  I  )/one  rece,  Eurobeam  and  one  diplexed  business 
serv  ices  beam  (ECS  2-5):  all  antennas  support  orthogonal  linear 
polarizations  w  ith  2.3-dB  cross-polarization  isolation 

Design  life 

Seven  years 

Orbit 

Synchronous  equatorial,  inclination  <3.5  deg.  E-W  stationkeep¬ 
ing  to  ±0. 1  deg 

Orbital  history 

I:  launched  16  June  1983.  16°E  longitude,  in  use 
2:  launched  4  August  1984.  1 1°E  longitude,  in  use 
3:  launch  vehicle  failure.  September  1985 
4:  launched  15  September  1987.  I3'E  longitude,  in  use 
5:  launched  21  July  1988.  40°E  longitude,  in  use 
Ariane  launch  vehicle 

Management 

Developed  by  the  MESH  consortium  (prime  contractor  British 
Aerospace  Dynamics)  for  ESA  acting  for  Eutelsat 
Operated  by  ESA  acting  for  Eutelsat 


The  basic  communication  subsystem  design  has  twelve  chan¬ 
nels.  Each  polarization  has  six  channels  w  ith  83.3-MHz  center- 
to-center  spacing,  which  fills  the  500-MHz  allocation  at  1 1  GHz 
(downlink)  and  14  GHz  (uplink).  Beginning  with  the  second 
ECS.  an  additional  pair  of  downlink  channels  was  added  at  12.5 
GHz.  for  business  services,  also  called  satellite  multiservices.  One 
pair  of  uplink  channels  may  be  switched  betw  een  these  additional 
dow  nlink  channels  and  two  of  the  basic  downlink  channels. 

ECS  has  four  antenna  patterns.  The  Eurobeant  is  used  for  both 
reception  and  transmission  and  covers  the  entire  area  which  ECS 
must  serve.  The  three  spot  beams  are  for  transmission  only.  The 
two  business  services  channels  have  a  receive  and  transmit  beam 
pattern  slightly  smaller  than  the  dashed  ellipse  shown  in  the  fig¬ 
ure.  Five  of  the  twelve  basic  channels  are  permanently  connected 
to  spot  beams.  The  other  seven  are  each  switchable  between  two 
transmit  antennas.  The  largest  number  of  channels  may  be  con¬ 
nected  to  the  west  spot,  which  covers  the  cities  that  account  for 
about  80%  of  the  telephony  traffic. 

The  ECS  satellites,  now  called  the  Eutelsat  I  satellites,  are 
managed  by  Eutelsat.  a  commercial  organization  formed  by  an  in¬ 
tergovernmental  agreement.  ESA  handles  the  construction, 
launching,  and  in-orbit  control  of  ECS  for  Eutelsat.  The  first  two 
satellites  were  ordered  in  1979.  and  the  next  three  in  1980.  The 
first  two  satellites  were  launched  in  198.3  and  1984.  The  third  was 
lost  in  a  launch  vehicle  in  1985.  The  last  two  were  launched  in 
1987  and  1988. 

All  four  satellites  have  been  kept  in  use  by  Eutelsat.  Their 
roles  and  locations,  w  ithin  the  7  to  16°E  longitude  favored  by  Eu¬ 
telsat.  have  varied  over  the  years.  By  the  beginning  of  1991.  the 
first  Eutelsat  1  had  no  more  fuel  for  north-south  stationkeeping, 
and  its  inclination  was  beginning  to  increase.  Nevertheless,  it  is 
still  being  used  by  large  ground  antennas  which  can  track  its  mo¬ 
tion.  The  majority  of  Eutelsat  traffic  is  on  the  other  three  satel¬ 
lites.  Further  changes  in  traffic  and  orbital  locations  will  occur  in 
1991  as  the  Eutelsat  11  satellites  come  into  operation.  Additional 
information  on  the  use  of  these  satellites  is  in  the  Eutelsat  Sy  s¬ 
tems  section. 
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Olympus 


The  Olympus  satellite  1 1  - 24 1  development  began  in  1982. 
Former  program  names  include  Large  Telecommunication  Satel¬ 
lite  ( L-Sat ).  Heavy  Telecommunications  Satellite  (H-Sat).  and 
Phebus.  The  use  of  large  or  heavy  in  the  earlier  program  names 
was  because  the  satellite  is  about  tw  ice  the  si/e  of  ECS.  The  pro¬ 
gram  direction  was  guided  by  several  studies  of  future  communi¬ 
cation  satellite  needs,  and  how  European  industry  could  respond 
to  the  opportunities  to  satisfy  these  needs.  The  objectives  of  (he 
program  are  ( 1 )  to  develop  and  demonstrate  a  large  satellite  plat¬ 
form.  and  (2)  to  develop  communications  hardware  for  and  pro¬ 
vide  an  orbital  demonstration  of  several  new  communications 
services. 

The  Olympus  spacecraft  is  designed  to  be  adaptable  to  a  vari¬ 
ety  of  payloads  w  ithin  the  following  payload  limits:  6.3-kW  pow¬ 
er  demand  in  sunlight.  3  kW  in  eclipse.  1300  lb  including 
antennas.  In  addition,  the  spacecraft  must  be  able  to  provide  ade¬ 
quate  space  for  payload  mounting  (especially  multiple  antennas) 
and  thermal  radiators.  Another  Olympus  requirement  was  com¬ 
patibility  with  both  Ariane  and  Shuttle  launches. 

Many  aspects  of  the  Olympus  design — structural  strength,  so¬ 
lar  array  mechanisms,  and  thermal  control — are  si/ed  for  the 
maximum  payload  capacity  rather  than  for  the  requirements  of 
the  present  payload.  Future  uses  of  the  spacecraft  will  look  the 
same  except  for  a  new  set  of  antennas  and  a  possible  change  in 


solar  array  length.  The  north  and  south  panels  of  the  spacecraft 
primarily  support  payload  equipment  on  the  inside  and  thermal 
radiators  on  the  outside.  The  east.  west,  and  back  (i.e..  anti-earth 
side)  panels,  together  with  a  central  cylinder,  which  is  the  primary 
structure,  support  propulsion,  power.  TT&C.  and  control  sub¬ 
systems.  Deployable  antennas  are  mounted  on  the  east  and  west 
panels.  Other  antennas,  as  well  as  the  remaining  pay  load  hard¬ 
ware.  are  mounted  on  the  earth-v  iew  ing  face.  The  solar  cells  are 
mounted  on  a  flexible  blanket:  the  arrays  are  deployed  in  orbit  us¬ 
ing  a  telescoping  mast.  The  propulsion  subsy  stem  is  a  liquid  bi¬ 
propellant  type  and  is  used  for  both  the  apogee  maneuver  and  on- 
orbit  control.  Spacecraft  and  payload  details  are  as  follows: 

Satellite 

Rectangular  body  69  x  83  x  1 20  in.,  height  of  body  plus  antennas 
approximately  200  in.,  span  of  solar  array  approximately  86  ft 
Approximately  3000  lb  in  orbit,  beginning  of  life 
Sun-tracking  solar  arrays  and  NiCii  and  NiH-.  batteries,  approxi¬ 
mately  3300  W  beginning  of  life 

Three-axis  stabilization  using  reaction  wheels  on  three  orthogo¬ 
nal  axes 

Unified  bipropellanl  propulsion  for  apogee  maneuv  er  and  on- 
orbit  use 


Configuration 

TV  broadcast  payload  (TVB):  three  27-MHz  bandwidth  chan¬ 
nels.  two  of  which  are  used  at  a  time 

Business  services  payload  ( BSP),  also  called  specialized  services 
pay  load:  lour  18-MHz  bandw  idth  channels,  or  one  or  two  may  be 
sw  itched  to  30  MHz.  satellite  switched  TDM  A.  and  frequency  re¬ 
use 

20/30  GHz  communications  payload  (COM):  two 
40 -MHz  bandwidth  channels,  or  one  700-  ■  ■ 

MHz  bandw  idth  channel 
20/30  GHz  pa g a 


# 


Olympus  satellite. 


Transmitter 

TVB:  12.169  GHz  (beam  I )  and  12.092  or  12.24?  GHz  (beam  2) 
(ITC  broadcasting  satellite  channels  24.  20.  28) 

Four  230- W  (2 1 .?  W  end  of  life)  TWTs.  one  on  plus  one  spare 
per  beam 

Peak  HR P 62.4  dBW  (beam  1 ).  62.7  dBW  (beam  2) 

BSP:  12.825  and  12.550  GHz  (18-MHz  channels).  12.530  and 
1 2.570  GHz  (30-MHz  channels) 

Four  30- VV  TWTs 

45.6-dBW  I  RP  at  edge  of  eo\ erage 
COM:  in  18.8-  to  19.5-GHz  band 

Three  30- W  TWTs.  two  on  plus  one  spare 
52-dBW  ERPat  edge  of  coverage 
PROP:  12.5.  19.77.  and  29.66GHz 

Two  10- W  TWTs  at  20  GHz.  one  on  plus  one  spare,  two  5-W 
TWTs  at  30  GHz.  one  on  plus  one  spare,  transistor  amplifier 
at  12.5  GHz 


24-dBW  ERPat  20  and  30  GHz.  10-dBW  ERPat  12.5  GHz 
minimum  over  Europe 

Receiver 

TVB:  in  17.6-  to  18.1 -GHz  band 

Two  receivers  with  FET  preamps,  one  on  plus  one  spare 
5.8  receiver  noise  figure 
OdB/K  G/T 

BSP:  1 3. 1 75  or  14. 100  GHz.  and  1 3.200  or  14. 1 25  GHz  ( 1 8-MHz 
channels): 

13.180  or  14.105  GHz  and  13.220  or  14.145  GHz  (30-MHz 
channels) 

Four  receivers,  all  active 
+2.9  dB/K  G/T  at  edge  of  coverage 
COM:  in  28-  to  28.7-GHz  band 

Two  receivers  with  parametric  amplifiers,  one  on  plus  one 
spare 

4.5-dB  receiver  noise  figure 
+8  dB/K  G/T  at  edge  of  coverage 

Antenna 

TVB:  40-  x  80-in.  reflector.  1-  x  2.4-deg  beam,  steerable  within 
Europe  (beam  1 ):  47-in.  reflector.  1.5-deg  beam,  steerable  w  ithin 

Beam  1  Beam  2 


RHC  I 


12.092  or 
12.245  GHz 


O/wtptls  te/eet\inii  hrmultast  paxlotul. 


b.  If  filters  associated  with  these  switches  are  not  shown.  Two  18-MHz  bandwidth  filters  are 


Olympus  business  services  payload.  centered  at  825-MHz;  30-MHz  bandwidth  filters  are  centered  at  830-  and  845-MHz. 

c.  Output  switching  includes  18-MHz  bandwidth  filters  centered  at  12,525-  and  12,550-MHz 
and  30-MHz  bandwidth  filters  centered  at  12,530-  and  12.570-MHz. 


Europe  (beam  2);  19-in.  reflector.  2-  x  3. 3 -dee  beam  for  European 

coverage  (receive):  all  use  circular  polarization 

BSP:  47-in.  reflector  with  five  feed  horns  to  form  five  adjacent 

beams.  1 .2  deg  (transmit).  1.1  deg  (receive),  linear  polarization 

COM:  two  32-in,  reflectors,  each  forming  one  beam.  1.2  deg 

(transmit).  1  deg  (receive),  each  steerable  within  Europe,  linear 

polarization 

PROP:  three  horns.  17.5  deg  (earth  coverage)  at  12.5  GHz.  9  deg 
(centered  on  Europe)  at  20  and  30  GHz.  linear  polarization 

Design  life 

Ten  years 

Orbit 

Synchronous  equatorial.  !9CW  longitude 

Orbital  history 

Launched  12  July  1989.  Ariane  launch  vehicle 

Management 

Developed  for  ESA  by  British  Aerospace  with  subcontractors 
from  1 1  European  countries  and  Canada:  Selenia  (Italy)  has 
prime  responsibility  for  the  payloads 

Olympus  has  four  payloads.  The  television  broadcast  payload 
has  two  channels,  each  connected  to  a  separate,  steerable  transmit 
antenna.  One  channel  is  used  for  preoperational  direct-to-home 


broadcasting  in  Italy.  The  other  is  used  for  direct-to-home  broad¬ 
casting  experiments  and  is  available  to  European  nations  on  a 
time-shared  basis.  It  can  also  be  used  for  broadcasting  multilin¬ 
gual  programs  to  all  of  Europe  for  reception  by  larger  terminals. 
The  second  channel  has  a  choice  of  two  frequencies  and  two  po¬ 
larizations  for  flexibility  in  matching  TV  broadcast  system  char¬ 
acteristics  specified  for  each  nation  at  a  1977  ITl'  conference. 
The  first  channel  has  characteristics  matching  the  specifications 
for  Italy. 

The  payload  has  three  antennas,  one  for  reception  and  two  for 
transmission.  The  Italian  transmit  antenna  has  circuitry  for  deriv¬ 
ing  antenna  pointing  information  by  tracking  a  ground-based  bea¬ 
con.  The  payload  has  redundant  wideband  receivers  and 
redundant  transmitters,  w  ith  230- W  helix  type  TWTs.  for  each 
channel. 

The  business  services  payload,  or  specialized  serv  ices  pay- 
load.  demonstrates  concepts  for  transmission  of  digital  data  be¬ 
tween  small  terminals  (e  g..  l()-ft  antennas)  at  many  sites.  The 
dow  nlink  is  at  12  GHz:  the  uplink  may  be  either  13  or  14  GHz 
and  is  accommodated  by  sw  itching  the  local  oscillator  in  the  sat¬ 
ellite.  A  single  antenna  fed  by  five  horns  generates  five  adjacent 
beams,  which  together  cover  most  of  Europe  Frequency  reuse 
will  be  demonstrated  in  two  pairs  of  spatially  separated  beams. 
The  communications  equipment  has  four  channels.  Channel 
bandwidth  is  I S  MHz.  or  one  or  two  channels  may  be  sw  itched  to 
30-MHz  bandwidth.  Input  and  output  switches  can  form  many 
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(b) 


Olympus  20/M) -GHz. payload,  la)  communications:  ih) propagation. 


one-to-one  connections  between  these  channels  and  the  receive 
and  transmit  beams.  In  addition,  in  the  central  section  of  the  chan¬ 
nels.  at  an  intermediate  frequency  of  825  MH/.  there  is  a  TDMA 
switch  matrix  that  can  change  receiver-to-transmitter  connections 
up  to  25b  times  per  20  msec  frame.  This  switch  can  connect  a  re¬ 
ceiver  to  one  or  several  transmitters.  Payload  demonstrations  pri¬ 
marily  use  QPSK  transmissions  with  a  25-Mhps  TDMA  rate  in 
the  18-MH/  channels,  and  either  one  television  signal  or  four 
PDMA  v  ideo  conferences  in  the  wider  channels. 

The  20/30-GHz  communications  payload  has  two  antennas, 
each  of  which  may  be  steered  toward  any  point  in  Europe.  The 
electronics  support  two  channels.  The  two  are  transmitted 
through  separate  antennas:  reception  may  use  either  or  both  an¬ 
tennas.  The  payload  has  redundant  receivers  and  three  transmit¬ 
ters.  The  payload  is  used  for  both  data  and  video  transmissions  to 


demonstrate  satellite  hardware  and  system  operation  in  the  20/30- 
GH/  frequency  bands.  These  bands  have  more  spectrum  allocated 
to  space  communications  than  the  4/6-GHz  and  12/14-GH/  bands 
combined.  Thus,  they  will  gradually  come  into  use  over  the  next 
decade  as  the  demand  for  satellite  capacity  continues  to  increase. 
A  disadvantage  is  that  the  propagation  impairments  caused  by 
rain  increase  w  ith  frequency. 

Because  of  this  problem.  Olympus  has  a  2()/3()-GHz  propaga¬ 
tion  payload.  The  output  of  an  onboard  frequency  source  is  multi¬ 
plied  to  produce  frequencies  at  about  20  and  30  GHz.  These  are 
transmitted  through  antennas  w  hose  beams  cover  all  of  Europe 
for  use  in  propagation  measurements.  The  transmitted  signals  are 
not  modulated.  From  the  same  frequency  source,  a  12.5-GHz  bea¬ 
con  is  derived.  This  is  transmitted  on  an  earth  coverage  beam  and 
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is  intended  both  for  use  in  propagation  measurements  and  as  a 
tracking  beacon  for  all  Olympus  ground  terminals. 

Olympus  was  launched  in  1989  All  four  payloads  are  in  use 
for  over  l(M)  different  experiments.  Experiments  and  demonstra¬ 
tions  are  being  conducted  by  government  organizations,  universi¬ 
ties.  scientific  organizations,  private  common  carriers,  and 
equipment  manufacturers.  The  television  broadcast  payload,  be¬ 
sides  TV  broadcasts  to  Italy,  is  being  used  for  other  TV  broad¬ 
casts.  sound  broadcasts,  educational  TV,  and  interactive  video 
services.  The  business  services  payload  is  being  used  for  SS- 
TDMA  tests,  distribution  of  video  to  small  (e.g..  3-fl  antenna  di¬ 
ameter)  terminals,  two-way  low-rate  data  communications  to 
very  small  terminals,  electronic  document  delivery,  and  other  ser¬ 
vices.  The  20/30-GHz  payload  uses  include  business  communica¬ 
tions.  broadcast  of  high-detinition  TV.  data  relay  to  and  from  low 
orbit  satellites,  video  conferencing,  education,  and  other  projects 
with  digital  data  and  video  transmissions.  The  propagation  pay- 
load  is  being  used  at  many  places  in  Europe  and  two  in  North 
America. 

In  January  1991.  one  of  the  two  solar  arrays  failed,  but  the  sat¬ 
ellite  continued  in  service.  In  March,  the  one  remaining  earth  sen¬ 
sor  began  having  problems.  This  led  to  more  complex  satellite 
operations,  which  combined  with  the  failure  of  the  sensor  and  op¬ 
erator  error  and  caused  loss  of  all  attitude  and  orbit  control  in 
May  1991.  The  satellite  began  spinning,  internal  temperatures 
dropped,  and  the  batteries  discharged.  Work  began  immediately 
to  regain  control  of  the  satellite,  and  progress  was  being  made 
through  the  summer. 
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EUTELSAT  SYSTEM 


Lutelsat  1 1  - 1 3 1  is  an  international  organization  formed  to  pro¬ 
le  pan- European  communications  via  satellite.  Its  genesis  was 
1477.  when  seventeen  nations  formed  Interim  Lutelsat  toeom- 
.'iviali/e  the  OTS-LCS  technology  being  developed  by  LSA. 
.'Iiniti\e  agreements  were  prepared  in  1982  and  ratified  by 
ember  nations  in  the  following  years,  Lutelsat  had  a  formal  he¬ 
lming  in  1 4  Vs  with  twenty-six  members  and  grew  to  twenty - 
dit  members  by  1440.  The  largest  shareholders  are  the  United 
ngdom  and  branee  at  about  I  .Vi  each:  Italy  and  West  Germany 
vc  about  l()'<  each  and  other  nations  have  6'  <  or  less,  down  to 
>s  than  I '  i  lor  principalities  such  as  Liechtenstein  and  Monaco, 
itelsat  pros  ides  sen  ices  using  several  I  C  S.  also  called  Lutelsat 
-atellites.  and  formerly  useil  one  Telecom  I  satellite.  A  second- 
neration  space  segment,  the  Lutelsat  II  satellites,  started  devcl- 
lnient  in  l4Sb.  The  first  was  launched  in  1440  and  is  in  use. 
Lutclsafs  headquarters  and  eonnnunications  control  center  are 
1’aris.  The  control  center  coordinates  allocation  of  satellite  re- 
•urccs  and  monitors  all  transmissions.  It  also  coordinates  system 
icratioiis  with  the  satellite  control  centers:  USA  for  the  Lutelsat 
satellites.  Telecom  for  the  Telecom  1  satellite,  and  Lutelsat  for 
e  Lutelsat  II  satellites.  The  Lutelsat  control  stations  are  located 
I  ranee  and  Portugal.  The  Lutelsat  eontrt  I  network  is  capable 
controlling  six  satellites. 

When  Interim  Lutelsat  started,  it  was  intended  to  provide  an 
tension  of  the  terrestrial  public  communications  network.  T  he 
vo  primary  services  would  he  international  public  telephone  cir- 
iits  and  teles  is. on  distribution  for  the  LBU.  By  14X0.  it  was  re- 
i/eil  that  there  was  also  an  emerging  market  for  high-speed  ti.e.. 
4-kbps  and  above)  digital  circuits  for  business  use.  a  serv  ice  that 
uilvl  not  be  provided  by  the  existing  terrestrial  network.  The  dc- 
sion  to  prov ide  business  serv ices  in  a  full  way  led  to  a  decision 
*  modify  the  IT'S  design.  Two  transponders  operating  in  a  fre- 
tiency  band  well  suited  to  business  serv  ices  were  added  to  till  the 
ilelliles  except  the  first.  Also.  in  the  early  l4X0s.  a  demand  for 
levision  distribution  to  cable  networks  arose.  Lutelsat  now  pro- 
ules  these  lour  types  of  service. 

Public  telephony  is  provided  on  four  Lutelsat  transponders, 
ransinissions  are  QPSK/TDMA  with  a  hurst  rate  of  120  X32 
Ibps  and  a  2-msec  frame.  I  DMA  characteristics  are  almost 
lentical  to  those  of  Intelsat  and  permit  easy  interconnection  of 
te  two  networks.  Digital  speech  interpolation  is  used.  Ground 
rmmals.  usually  only  one  per  country,  have  antenna  si/es  of 
vout  44  to  60  li.  fen  were  in  operation  in  mid-  14X6.  fifteen  a  few 
ears  later.  I  he  same  terminals,  plus  transponders  on  the  same 
itcllite.  prov  ide  telev  ision  distribution  for  the  LBU. 

Business  services,  also  called  satellite  multiservices,  began 
ith  one  transponder  on  Lutelsat  I-L2  and  live,  leased  from 
ranee,  on  a  Telecom  I  satellite,  biennially,  all  of  these  serv  ices 
ere  transferred  to  Lutelsat  satellites.  Typical  applications  arc 
uleo  conferencing,  computer-lo-eomputcr  links,  last  facsimile, 
cctronic  mail,  and  voice.  All  links  are  digital:  rates  are  multiples 
I  64  kbps  up  to  1.42  Mbps,  plus  2.04X  Mbps.  Most  ground  tcr- 
imals  have  1 1  to  IX -ft  antennas:  some,  near  the  edge  of  the  sat- 
I ile  beam,  use  diameters  up  to  26  ft.  These  terminals  may  he 
tiler  dedicated  to  one  customer's  location  or  sited  in  an  urban 
ea  to  be  shared  by  several  customers.  Most  terminals  are  un- 
uiincd  and  monitored  from  a  central  facilitv. 

On  hutelsat.  the  transmissions  are  OPSK/SCPC/LDMA.  On 
elecom  I.  the  transmissions  were  PSK/TDM  A  at  a  hurst  rate  of 
1.376  Mbps  I  DM  A  transmissions  in  all  live  transponders  were 


synchronized,  bach  terminal  transmitted  to  only  one  transponder 
but  used  frequency  hopping  to  receive  from  as  many  as  necessary. 
Error  correction  coding  may  be  used  with  either  satellite. 

Lutelsat  leases  transponders  which  are  being  used  for  televi¬ 
sion  transmission,  both  internationally  and  intranationally.  Leases 
may  be  full  time  or  pan  time,  for  a  whole  or  panial  transponder. 
The  original  Lutelsat  plan  was  to  have  two  satellites  in  orbit,  a 
primary  and  a  spare.  Capacity  on  the  spare  satellites  was  to  be 
leased  on  a  preemptible  basis.  When  Eutelsat  requested  bids  for 
leases,  the  initial  demand  was  three  times  the  available  capacity. 
Lutelsat  allocated  the  available  capacity  on  the  LI  satellite  and 
decided  to  expand  to  a  three-,  then  a  four-satellite  system,  w  ith 
two  satellites  dedicated  to  leased  transponders.  Realization  of  this 
plan  was  delayed  by  the  loss  of  LCS  3  but  was  achieved  by  19X8 
with  the  launches  of  LCS  4  and  5. 

Prior  to  the  first  ECS  launch.  Lutelsat  was  already  planning  for 
follow-on  satellites.  Eutelsat  requested,  and  received,  proposals 
for  the  Lutelsat  II  satellites  in  198.3  and  picked  a  contractor  team 
in  April  19X6.  The  contract  was  for  three  satellites  with  options 
for  five  more.  A  fourth  satellite  was  ordered  in  1987.  a  fifth  in 
1989.  and  a  sixth  in  1990. 

Besides  these  satellites.  Lutelsat  has  been  considering  satel¬ 
lites  for  two  other  missions.  One  is  direct-to-home  television 
broadcasting.  Several  indiv  idual  nations  are  using  satellites  for 
(his.  but  a  pan-buropean  broadcast  also  is  possible.  The  satellite 
concept  has  been  named  Luropesat.  This  concept  has  been  stud¬ 
ied  for  several  years.  By  the  end  of  1990.  an  agreement  had  been 
reached  to  proceed  w  ith  a  program.  Definition  of  the  sy  stem  is  ex¬ 
pected  in  1991  with  a  satellite  contract  possible  in  1992. 

The  other  mission  is  land  mobile  communications  for  voice, 
message,  and  position  location.  This  mission  can  be  satisfied  by 
separate  satellites,  by  a  new  payload  on  Eutelsats.  or  by  use  of 
Lutelsats  as  is.  The  last  option  does  not  prov  ide  full  mobile  com¬ 
munications  hut  is  the  easiest  to  implement.  Demonstrations  were 
conducted  in  1990  of  a  two-way  message  and  position  location 
technique  called  Luteliracs.  which  is  the  same  technique  used  in 
the  United  States  under  the  name  Omnitracs.  A  full  Euteltraes 
system,  using  a  Lutelsat  I  made  available  by  transferring  traffic  to 
Lutelsat  II  satellites,  will  go  into  operation  in  1991. 
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a  Satellite)  system.  It  provides  links  be 


Telecom  I  satellih 


alternative  for  military  communications  within  France.  The  12/ 
14-GH/  payload  is  for  business  communications  and  television 
transmission,  the  latter  in  France  and  the  former  in  both  France 
and  other  parts  of  Europe. 

The  satellite  is  a  derivative  of  EX'S  and  is  similar  in  external 
appearance  except  for  the  antennas.  Like  EX'S,  the  satellite  has  a 
serv  ice  module  and  a  payload  module.  The  former  includes  the 
internal  structure,  three  sides  of  the  rectangular  body,  and  the  sup¬ 
port  subsystems  including  the  solar  arrays.  These  arrays  have 
three  sections  each  and  are  deployed  in  orbit.  The  payload  mod¬ 
ule  includes  all  the  communications  equipment  mounted  on  the 
north,  south,  and  earth-viewing  faces  of  the  body.  The  antennas, 
three  parabolic  reflectors  and  three  horns,  are  all  lixed  to  the 
earth-viewing  face.  The  satellite  and  payload  details  are  as  fol¬ 
lows: 

Satellite 

Rectangular  body  approximately  4  7  x  4.7  x  6.3  ft;  deployed  solar 
arrays  span  approximately  60  ft 
1430  lb  in  orbit,  beginning  of  life 

Solar  cells  and  NiC  '  batteries,  approximatelv  1 100  W  end  of  life 


Three-axis  stabilization,  approximately  15-deg  antenna  pointing 


Solid  rocket  motor  for  apogee  maneuv  er,  liquid  hydra/ine  propul¬ 
sion  for  on-orbit  use 

Configuration 

4/6-GH/:  two  40-MH/  bandwidth  and  two  120-MH/  bandwidth 
single-conversion  repeaters 

7/8-GHz:  two  40-MH/  bandwidth  single-conversion  repeaters 
I2/I4-GH/:  six  36-MH/  bandwidth  single-conversion  repeaters 

Capacity 

4/6-GH/:  approximately  I  (MM)  voice  circuits  or  one  TV  transmis¬ 
sion  per  40-MH/  repeater 

I2/I4-GH/:  25  Mbps  per  repeater  with  small  (approximately  10- 
It  antenna)  ground  terminals 

Transmitter 

4/6-GH/:  3700  to  3740  MH/.  3755  to  3875  MH/.  3890  to  3930 
MH/.  and  4075  to  4195  MH/ 

One  8.5-W  TWT  pet  repeater  plus  two  spares 
ERP  28  dBW  over  France.  26.5  dBW  over  coverage  area 
(channels  I,  3.  4);  35  dBW  over  coverage  (channel  2) 
7/X-GH/:  7330  to  7370  MH/  and  7255  to  7295  MH/ 

One  20- VV  TWT  per  repeater,  plus  one  spare 
ERP  27  dBW  at  edge  of  coverage 
12/14  GH/:  12.504  to  12.750  MH/ 


*These  two  antennas 
share  to  same  reflector 


One  20- W  TW’T  per  repealer  plus  one  spare  for  every  two  re¬ 
peaters 

ERP47  dBW  over  France:  ground  terminals  in  neighboring 
countries  may  use  the  satellite  by  accepting  up  to  3  dB  lower 
performance. 

Receiver 

4/6-GH/.  5925  to  5965  MH/.  5980  to  6100  MH/.  6115  to  6)55 
MH/.  and  6300  to  6420  MH/ 

One  active  plus  one  spare  receiver 
G/T  -12  dB/K 

7/8-GH/:  7980  to  8020  MH/  and  8055  to  8095  MH/ 

I2/I4-GH/:  14.004  to  14,250  MH/ 

One  active  plus  one  spare  receiver  with  parametric  amplifiers 
G/T  +6.3  dB/K  over  France:  ground  terminals  in  neighboring 
countries  may  use  the  satellite  by  accepting  up  to  3  dB  lower 
performance 

Antenna 

4/6-GH/:  earth  coverage  horn.  16.7-dB  gain  at  edge  of  coverage 
(receive):  one  helix  illuminates  one  of  the  12-GH/  reflectors  to 
provide  a  spot  beam  over  Guiana  and  French  Carribean  islands, 
approximately  28-dB  gain  (channel  2  transmit):  five  helices  illu¬ 
minate  a  31 -in.  dia.  reflector  to  provide  semiglobal  coverage 
(channels  1, 3.  4  transmit) 

7/8-GH/:  two  earth  coverage  horns,  one  transmit,  one  receive,  ap¬ 
proximately  19-dB  gain  at  edge  of  earth,  circular  polarization 
12/14-GH/:  two  offset-fed  parabolic  reflectors,  each  31  x  50  in.. 
1 .34-  x  2.04-deg  beam,  one  for  odd  channel  transmit,  the  other  for 
even  channel  transmit  and  all  reception:  linear  polarization 

Design  life 

Seven  years 

Orbit 

Synchronous  equatorial,  stationkeeping  to±0.05°N-S  and  F-W 

Orbital  history 

I  A:  launched  4  August  1984.  in  use.  9  W  longitude 
IB:  launched  8  May  1985.  failed  in  1988.  moved  above  synchro¬ 
nous  orbit 

1C:  launched  1 1  March  1988.  in  use.  5  W  longitude 
Ariane  launch  vehicle 

Management 

Developed  by  MFSH  Consortium.  Malra  (France)  is  prime  con¬ 
tractor.  for  Direction  Generate  vies  Telecommunications  (French 
National  Telecommunications  Agency) 

Operated  by  Direction  Generate  vies  Telecommunications 

The  4/6-GH/  payload  has  four  channels.  All  are  received 
through  an  earth  coverage  antenna  and  one  of  two  redundant  re¬ 
ceivers.  Each  channel  has  a  separate  transmitter  path.  One  chan¬ 
nel  is  connected  to  a  feed  horn  w  hich  forms  a  spot  beam  using 
one  of  the  12-GH/  reflectors.  The  beam  covers  Guiana  and  the 
French  Caribbean  Islands.  The  other  three  channels  are  connected 
to  a  semiglobal  coverage  beam  that  includes  France  and  all  the 
territories  previously  mentioned.  This  payload  is  used  for  televi¬ 
sion  and  TDM/QPSK/EDMA  telephony  and  data,  at  rates  from  64 
kbps  to  52  Mbps. 

The  7/8-GH/  payload  has  two  channels.  It  has  separate,  global 
coverage  horn  antennas  for  reception  and  transmission,  redundant 


receivers,  and  three  TWTs.  one  for  each  channel  and  one  spare. 
All  transmissions  are  digital,  at  75  bps.  2400  bps.  or  16  kbps,  and 
use  spread  spectrum  modulation  for  both  multiple  access 
(CDMA)  and  resistance  to  jamming.  This  payload  is  used  by  ship 
terminals,  two  types  of  transportable  terminals,  and  fixed  termi¬ 
nals.  Their  respective  antenna  diameters  are  5.  4.  10.  and  26  ft. 

The  12/14-GH/  payload  has  six  channels.  The  equipment  con¬ 
figuration  is  the  same  as  the  other  payloads — redundant  w  ideband 
receivers  followed  by  channelized  transmitters  with  three  for  two 
TWT  redundancy.  This  payload  has  two  antennas,  both  of  which 
form  elliptical  beams  whose  -3  dB  contours  are  about  the  si/.e  of 
France.  Communications  w  ith  other  countries  is  possible  w  ithin 
the  -6  dB  contour,  which  extends  from  northern  Italy  to  England. 
One  channel  from  this  pay  load  is  used  for  distribution  of  telev  i¬ 
sion  programs.  The  other  five  channels  are  used  for  business  com¬ 
munications  between  small  ground  terminals  (antenna  diameter 
about  10  ft  for  terminals  w  ithin  the  -3  dB  satellite  antenna  con¬ 
tour).  Indiv  idual  links  have  information  rates  between  2.4  kbps 
and  2.048  Mbps.  System  operation  uses  demand  assignment  and 
TDMA  with  a  transmission  rate  of  24.576  Mbps.  Part  of  the  ca¬ 
pacity  on  these  five  channels  is  used  within  France:  the  remainder 
was  used  as  part  of  the  Eutelsat  sy  stem.  This  payload  also  is  used 
by  some  groups  in  Germany.  Britain,  and  other  European  coun¬ 
tries. 

The  different  missions  of  the  three  payloads  motivated  the 
choice  of  the  separate  frequency  bands.  The  4/6-GH/  band  was 
selected  to  minimize  attenuation  because  of  the  high  rainfall  in 
some  of  the  overseas  territories.  The  7/8-GH/  band  is  allocated  to 
sy  stems  that  use  a  mix  of  fixed,  transportable,  and  mobile  termi¬ 
nals.  It  also  offers  the  possibility  of  interoperability  with  the 
NATO  satellite  system.  The  12/14-GH/  bands  are  dedicated  to 
satellite  communications  and  thus  permit  small  terminals  to  be 
optimally  located  for  the  business  serv  ices  with  no  interference 
problems.  Because  of  the  three  frequency  bands,  considerable  at¬ 
tention  was  given  to  frequency  planning  and  techniques  to  mini¬ 
mize  active  and  passive  onboard  interference.  The  4-GH/ 
transmission  frequencies  were  selected  to  avoid  second  harmon¬ 
ics  in  the  8-GH/  receiver.  The  7-GH/  transmission  frequencies 
were  selected  so  that  all  harmonics  were  above  the  14-GH/  re¬ 
ceiver  passband.  Also,  frequencies  that  could  be  produced  by 
combinations  of  outputs  from  different  transmitters  were  ana¬ 
lyzed. 

The  decision  to  develop  Telecom  I  was  made  by  the  French 
Government  in  1979.  Telecom  I A  was  launched  in  August  1984. 
and  Telecom  IB  was  launched  in  May  1985.  At  the  end  of  1987 
and  beginning  of  1988.  Telecom  IB  had  power  problems  which 
disabled  first  one.  then  both,  sides  of  the  altitude  control  sub¬ 
system.  By  February  1988.  the  satellite  was  useless.  The  next 
month.  Telecom  1C  was  launched  and  restored  services.  Telecom 
I A  w  ill  reach  the  end  of  its  design  life  in  1991  and  shortly  after 
w  ill  be  replaced  by  the  lirst  Telecom  2  satellite. 
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TV-SAT,  TDF,  AND  TELE-X 


German  studies  of  satellite  broadcasting  of  television  directly 
to  home  receivers  started  in  1971.  Relevant  technology  develop¬ 
ments  were  started  in  1972.  In  1977.  the  ITU  Space  Broadcasting 
conference  assigned  basic  parameters  for  satellite  broadcasting 
satellites  for  all  European.  African,  and  Asian  countries.  The  pa¬ 
rameters  include  satellite  location  and  transmission  frequency, 
polarization,  beam  shape,  and  power.  These  assignments  assure 
ev  ery  country  of  the  ability  to  deploy  a  satellite  broadcasting  sys¬ 
tem  and  limit  intersystem  interference  to  an  acceptable  level. 

Subsequent  to  the  1977  conference,  several  European  nations 
started  planning  initial,  or  preoperational.  systems.  Both  single¬ 
nation  and  multinution  systems  were  considered.  In  late  1979. 
Germany  and  France  agreed  to  jointly  develop  broadcasting  satel¬ 


Tclc-X  satellite. 


lites.  rather  than  participate  in  the  ESA  L-Sat  broadcasting  exper¬ 
iment.  In  Germany,  the  program  is  called  TV-Sat:  in  France,  it  is 
called  TDF  ('lelediffusion  de  France,  the  name  of  the  national 
broadcasting  company).  The  program  began  in  1981.  and  includ¬ 
ed  development  work  and  assembly  of  three  satellites,  one  for 
each  country  and  one  spare.  Later,  it  was  expanded  to  four  satel¬ 
lites.  two  for  each  country. 

During  the  late  1970s.  the  live  Scandinavian  countries  dis¬ 
cussed  a  joint  development  program  called  Nordsat.  Because  of 
technical  and  economic  reasons,  the  program  was  postponed.  In 
1980-81.  a  Swedish  experimental  communications  satellite  pro¬ 
gram  was  defined.  The  satellite  was  called  Tele-X:  it  was  to  have 
four  payloads,  of  which  one  was  for  telev  ision  broadcasting.  In 
the  next  year,  two  payloads  were  deleted  to  reduce  the  cost.  In 
1983.  a  contract  was  signed  with  the  TV-Sat/TDF  industrial  team 
to  develop  Tele-X  as  a  v  ariant  of  those  satellites.  In  the  same  year. 
Norway  and  Finland  became  partners  in  the  program. 
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The  satellites  1 1-30]  are  identical  except  for  details  of  the 
broadeasting  payload  such  as  frequency  and  antenna  beam  pat¬ 
tern.  Also.  Tele-X  has  fewer  broadcast  channels  hut  an  added  pay- 
load  for  data  transmission.  The  satellites  are  composed  of  several 
modules.  A  liquid  bipropellant  propulsion  subsystem  is  used  for 
the  apogee  maneuver,  stationkeeping,  and  attitude  control.  The 
service  module  includes  the  attitude  control  electronics,  telemetry 
and  command,  and  power  regulation  functions.  Satellite  attitude 
control  is  augmented  by  an  uplink  beacon,  tracked  by  the  commu¬ 
nication  subsystem,  which  provides  line  pointing  control  for  the 
transmit  antenna.  The  solar  arrays  are  another  module.  They  are 
composed  of  rigid  rectangular  frames  supporting  flexible  blankets 
on  w  hich  solar  cells  are  mounted.  One  section  of  each  array  is  de¬ 
ployed  in  transfer  orbit:  the  remainder  when  the  operational  orbit 
is  reached.  The  communications  module  includes  all  payload 
electronics  and  the  heat  pipes  and  thermal  radiators  for  the  pay- 
load.  The  antenna  module  includes  the  feed  tower  and  the  two 
large  reflectors,  which  are  folded  against  the  tower  for  launch. 
Satellite  and  payload  details  are  as  follows: 

Satellite 

Rectangular  body.  65  x  88  x  95  in.:  span  of  solar  arrays  62  ft: 
height,  including  antenna  feed  tower.  17  to  23  ft 
Approximately  2620  lb  in  orbit,  beginning  of  life 
Solar  cells  and  NiCd  batteries.  3090  W  (TV-Sat.  TDF 1/3300  W 
(Tele-X)  minimum  after  seven  years 

Three-axis  stabilization  using  momemtum  wheels.  ±0.06-  to 
±0.1 -deg  antenna  pointing  accuracy  using  RF  sensing  of  an  up¬ 
link  beacon 

Unified  bipropellant  propulsion  for  apogee  maneuver  and  on-or¬ 
bit  use 

Configuration 

TV-Sat.  TDF':  live  27-MU/  bandwidth  single-conversion  repeat¬ 
ers.  four  active  simultaneously 

Tele-X:  three  27-MHz  bandwidth  single-conversion  repeaters 
(TV  broadcast):  one  40-MHz  and  one  86-MHz  bandwidth  repeat¬ 
ers  (data  transmission) 


Capacity 

One  TV  signal  per  27-MH/.  repeater 

Transmitter 

TV-Sat:  11.7467.  11.8234.  11.9001.  11.9768.  and  12.0535  GHz 
(ITU  satellite  broadcasting  channels  2.  6.  10.  14.  18) 

TDF:  11.7275.  11.8042.  11.8809.  11.9576.  and  12.0344  GHz 
(ITU  satellite  broadcasting  channels  I.  5.  9.  13.  17/ 

Tele-X:  12.2069.  1 2.3220.  and  12.4755  GHz  (ITU  satellite  broad¬ 
casting  channels  26.  32.  40)  12.641  and  12.723  GHz  (data  and 
video  transmission) 

TV-Sat.  one  230- W  TYVT  per  repealer  operated  at  200  to  210  \V. 
one  repeater  has  a  spare  TWT 

TDF:  one  260- W  TWT  per  repeater,  one  repeater  has  a  spare 
TWT 

Tele-X:  one  230-W  TWT  per  repeater  (TV  broadcast):  one  230- 
W  TWT  per  repeater,  operated  at  60  to  150  W.  plus  one  spare 
TWT  (data  transmission) 

FRP  at  edge  of  coverage:  >65.5  dBW  (TV-Sat).  63.8  dBW 
(TDF).  >60  dBW  (Tele-X.  TV  broadcast).  >59  dBW  (Tele-X. 
data  transmission) 

Receiver 

TDF:  17.3  to  17.7  GHz.  G/T  12.5  dB/k  on  axis 

TV-Sat:  17.7  to  18.1  GH/.  G/T  approximately  12  dB/k  on  axis 

Tele-X  TV  broadcast:  in  1 7.7-  to  1 8. 1  -GHz  band.  >7  dB/k  GT  on 

axis 

Tele-X  data  and  video  transmission:  14.141-  and  14.223-GHz.  8 
dB/k  G/T  over  coverage  area 

One  active  plus  one  spare  receiver  per  frequency  band 

Antenna 

TV-Sat:  one  55-  x  106-in.  parabolic  reflector  offset  fed  by  a  single 
horn  generating  a  0.72-  x  1.62-deg  I.HCP transmit  beam,  approx¬ 
imately  45-dB  gain:  one  78-in.  offset-fed  parabolic  reflector  gen¬ 
erating  a  0.7-deg  RHCP  receive  beam 


TDF:  one  35-  x  94-in.  parabolic  reflector  ottset  led  by  a  ntne- 
horn  array  generating  a  0.98-  x  2.5-deg  RHCP  transmit  beam,  ap¬ 
proximately  41  dB  gain:  one  78-in.  offset-fed  parabolic  reflector 
generating  a  0.7 -deg  L.HCP  receive  beam 
Tele-X:  one  45-  x  96-in.  parabolic  reflector,  offset  fed  by  a  single 
horn  in  a  Cassegrain  geometry  generating  a  0.74-  x  1.64-deg 
LHC'P  transmit  beam;  one  31-  x  67-in.  parabolic  reflector,  offset 
fed  by  a  single  horn  in  a  Cassegrain  geometry  generating  a  0.95- 
x  2. 10-deg  receive  beam 

All  transmit  antennas  have  cross-polari/ation  power  33  dB  below 
operating  polarization 

Design  life 

Nine  years  (changed  from  initial  value  of  seven  years) 

Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0. 1  =N-S  and  E-W. 
19  Vv  longitude  t TV-Sat.  TDF).  5'E  longitude  (Tele-X* 

Orbital  history 

TV-Sat  I :  launch  27  Nov  ember  1987.  failed  during  initial  deploy¬ 
ment.  moved  above  synchronous  orbit 
TDF  I:  launched  28  October  1988.  in  use.  I9'W  longitude 
Tele-X:  launched  2  April  1989.  in  use.  5°E  longitude 
TV-Sat  2:  launched  8  August  1989.  in  use.  I9°W  longitude 
TDF  2:  launched  24  July  1990.  in  use.  19°W  longitude 
Ariane  launch  vehicle 

Management 

Developed  by  Eurosatellite  Consortium.  MBB  prime  contractor 
for  TV-Sat.  Aerospatiale  prime  contractor  for  TDF  and  Tele-X 
TV-Sat  developed  for  Deutsche  Forsehungs-  und  Versuchsanstalt 
fur  Lul't-  und  Raumfahrt  and  Deutsche  Bundespost.  TDF  devel¬ 
oped  for  Telediffusion  de  France  and  Centre  National  d’Eludes 
Spatiales.  Tele-X  developed  for  Swedish  Space  Corporation  act¬ 
ing  for  Swedish  Board  of  Space  Activities 
TV-Sat  operated  by  Deutsche  Forsehungs-  und  Versuchsanstalt 
fiir  Luft-  und  Raumfahrt  and  Deutsche  Bundespost:  TDF  bv 
Teledilfusion  de  France:  Tele-X  by  Swedish  Space  Corporation 
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TV-Sat  and  TDF  eonnmtnieation  subsystem. 


The  1977  conference  allocated  five  channels  each  to  Germany 
and  France.  The  TV-Sat/TDF  communication  subsystem  includes 
all  five  channels.  The  original  design  was  to  operate  only  three  at 
a  time,  but  the  actual  satellite  capability  as  built  allows  operation 
of  four  at  a  time  and  of  all  five  during  the  early  part  of  the  satel¬ 
lite's  life.  All  five  channels  are  accommodated  by  the  wideband 
receivers.  Each  channel  has  a  separate  driver  amplifier  and  TWT. 
The  driver  amplifier  incorporates  automatic  level  control  to  com¬ 
pensate  for  atmospheric  attenuation  variations  on  the  uplink.  The 
saturated  output  pow  er  of  each  TWT  is  230  to  260  W.  The  collec¬ 
tors  of  the  TWTs  radiate  directly  to  space  and  operate  at  a  temper¬ 
ature  above  300°C. 

The  Tele-X  communication  subsystem  includes  both  the 
broadcasting  and  data  channels.  There  are  three  broadcasting 
channels,  show  n  in  the  lower  half  of  the  figure,  which  use  the 
same  hardware  as  TV-Sat  and  TDF.  The  two  data  channels  have  a 
14-GH/  receiver:  their  transmitter  uses  the  same  hardware  as  the 
broadcasting  channel.  One  channel  has  a  40-MHz  bandw  idth.  the 
other  an  86-MH/  bandw  idth.  The  data  channel  TWTs  are  operat¬ 
ed  2  to  6  dB  below  saturation  for  better  linearity,  since  multiple 
carriers  w  ill  be  amplified.  As  w  ith  TV-Sat  and  TDF.  four  of  the 
five  Tele-X  channels  may  he  operated  simultaneously.  Both 
broadcasting  and  data  channels  use  the  same  antennas:  the  anten¬ 
na  pattern  covers  Sweden.  Norway,  and  Finland. 

Satellite  integration  and  testing  for  TV-Sat  and  TDF  started  in 
the  first  half  of  1983.  TV-Sat  was  launched  first  in  1987.  One  of 
the  solar  arrays  could  not  be  deployed  in  orbit,  neither  by  the  in¬ 
tended  means  nor  by  several  other  means  that  w  ere  tried.  This  not 
only  reduced  the  available  power  but  more  importantly  blocked 
the  receiving  antenna  deployment,  so  that  it  could  not  be  pointed 
at  the  earth.  Several  tests  were  conducted  with  the  satellite,  but  it 
could  not  be  used  for  broadcasting.  Hence,  it  was  declared  a  loss 
in  the  spring  of  1988. 

TDF  w  as  launched  in  1988.  Construction  of  TV-Sat  2  and  TDF 
2  began  in  1986  and  1983.  respective! v.  and  thev  were  launched 
in  1989  and  1990.  Each  of  the  TDF  satellites  has  had  twoTWTAs 
fail.  The  remaining  channels  are  being  used  for  television  broad¬ 
casting.  TV-Sat  2  is  operating  and  is  used  for  television  and  high- 
quality  stereo  sound  broadcasting. 


Both  nations  studied  follow-ons  to  these  satellites.  The  contin¬ 
ual  improvements  in  technology  for  home  receivers  now  allow 
lower  power  satellite  transmitters.  This  allows  more  channels 
possible  per  satellite  or  a  broader  coverage.  Either  prospect  im¬ 
proves  the  economics  of  a  satellite  broadcasting  system.  By  1990. 
France  had  decided  to  pursue  the  broader  cov  erage  approach  via  a 
European  rather  than  a  national  system.  No  specific  program  or 
launch  date  has  been  established. 

Tele-X  was  ordered  by  the  Swedish  Space  Corporation,  but 
prior  to  launch  another  company.  Nordiska  Telesateiit  (Notelsat). 
was  established  to  be  the  nominal  owner  and  actual  operator. 
Through  the  latter  half  of  the  1980s.  the  nordie  countries'  invest¬ 
ment  in  the  Tele-X  program  fluctuated,  and  government  policies 
were  not  favorable  to  the  use  of  the  satellite  (the  prime  goal  in  its 
development  was  increasing  the  technological  abilities  of  Swed¬ 
ish  industry).  When  the  satellite  was  launched  in  1989.  there  were 
both  broadcasting  and  data  transmission  users  for  it.  but  regulato¬ 
ry  issues  remained.  By  1990.  tw  o  telev  ision  broadcasters  w  ere  us¬ 
ing  the  satellite.  Other  companies  with  about  fifty  ground 
terminals,  with  3-  to  8  ft  antennas,  use  the  satellite  for  business 
transmissions,  especially  videoconferencing.  Transmissions  are 
QPSK/FDMA  with  2  Mbps  the  most  common  rate. 

No  plans  for  a  post-Tele-X  satellite  have  been  announced. 

?fc  rfc  2;C 

1.  P.  Bartholome.  "Digital  Satellites  Networks  in  Europe."  Pro¬ 
ceedings  of  the  IEEE.  Vol.  72.  No.  1 1  (November  1984). 

2.  D.  E.  Koelle.  "Advanced  Technology  for  Direct  TV-Broad- 
casting  Satellites."  Journal  of  Spacecraft  and  Rockets.  Vol. 
17.  No.  2  (March- April  1980). 

3.  J.  F.  Arnaud.  C.  Derieux.  and  A.  Pou/et.  "French  Satellite 
Broadcasting  System."  Paper  80-037 1 .  AIAA  Silt  Communica¬ 
tions  Satellite  Systems  Conference  (April  1980). 

4.  J.  Collomb.  P.  Gosset.  and  H.  Rave.  "A  New  Generation  of 
Satellite  Travelling-Wave  Tubes  for  TV-Broadcasting  and 
Telecommunications."  Paper  80-0483,  AIAA  Sth  Communica¬ 
tions  Satellite  Systems  Conference  (April  1980). 

3.  H.  Kellermeier  and  D.  E.  Koelle.  "System  Design  and  Tech¬ 
nology  of  Ihe  German  Direct  TV  Broadcasting  Satellite." 


220 


Paper  80-0570.  AIAA  Sth  Communications  Satellite  Systems 
Conference  (April  1080). 

6.  D.  Demi.  "High  Power  Satellite  Travelling  Wave  Tubes  with 
200  W  and  450  W  Output  Power."  Paper  80-0488.  AIAA  Sth 
Communications  Satellite  Systems  Conference  (April  1980). 

7.  H.  Kaltsehmidt.  "The  German-French  TV-Sat/TDFI  Sys¬ 
tem."  IEEE  Canadian  Communications  and  Pow  er  Confer¬ 
ence  (October  1980). 

8.  B.  F.  Fabis.  "Some  Aspects  of  the  German  TV-Sat-System." 
Acta  Astronautica.  Vol.  8.  No.7  (July  1981 ). 

9.  D.  Sauvet-Goichan.  "Satellite  Broadcasting  in  the  12  GH/ 
Band."  Paper  D5.2.  Global  Telecommunications  Conference: 
Globecom  'S2  (November  1982). 

10.  K.  Schneider.  "The  Franco-German  Broadcasting  Satellite 
Program."  Paper  20.2.  hirst  Canadian  Domestic  and  Interna¬ 
tional  Satellite  Communications  Conference  (June  1983). 

1 1 .  J.  Georgy,  "The  Direct  Broadcasting  Satellite  Project  TDF  1 ." 
Paper  1 7.6.  First  Canadian  Domestic  and  International  Satel¬ 
lite  Communications  Conference  (June  1983). 

12.  R.  Arnim.  "TV-Sat/TDF-l."  Paper  84-OAAI.  AIAA  I  Dili  Com¬ 
munication  Satellite  Systems  Conference  (March  1984). 

1 3.  L.  Backlund.  et  al..  "Tele-X.  The  First  Step  in  a  Satellite  Com¬ 
munications  System  for  the  Nordic  Countries."  Paper  84- 
0713.  AIAA  1 0th  Communication  Satellite  Systems  Confer¬ 
ence  (March  1984). 

14.  J.  Georgy.  "The  French  Broadcasting  Satellite  System  TDF- 
I."  Paper  35.1.  International  Conference  on  Communica¬ 
tions:  ICC  'S4  (May  1984). 

15.  J.  Germain.  "Tele-X:  A  Multipurpose  Communication  Satel¬ 
lite  for  the  Nordic  Countries."  Space  Communication  and 
Broadcasting.  Vol.  2.  No.  3  (September  1984). 

lb.  C.  Michaud,  et  al..  "On  Board  and  Ground  Equipment  for  TV 
Broadcasting  Applications."  International  Cooperation  and 
Space  Missions.  L.  G.  Napolitano.  ed..  AIAA.  New  York 
( 1984). 

17.  F.  Mueller-Roemer.  "Development  and  Use  of  Broadcast  Sat¬ 
ellites  in  the  Federal  Republic  of  Germany."  Paper  86-0644. 
AIAA  1 1  th  Communication  Satellite  Systems  Conference 
(March  1986). 

18.  W.  Liehisch  and  W.  Rummer.  "Flight  Hardware  Tests  Results 


Obtained  on  High  Power  Equipment  and  on  the  Repeater  Sub¬ 
system  of  a  12-GHz  DBS."  Paper  86-0646,  AIAA  Uth  Com¬ 
munication  Satellite  Systems  Conference  (March  1986). 

19.  Aviation  Week  &  Space  Technology  (I)  June  1979).  p.  195: 
(10  December  1979).  p.  69:  (21  April  1980).  p.  167:  (14 
March  1983).  p.  265:  (21  March  1983).  p.  15;  (22  October 
1984).  p.  97:  (3  December  1984).  p.  73:  (28  January  1985). 
p.  93:  (10  March  1986).  p.  138:  (9  June  1986).  p.  109:  (30 
June  1986).  p.  48;  (2  November  1987).  p.  65:  (30  November 
1987).  p.  24:  (14  December  1987).  p.  27:  (7  March  1988). 
p.  57;  ( 10  December  1990).  p.  64. 

20.  R.  Arnim.  "The  TV-Sat/TDF  DBS  Program."  At  rospace  Cen¬ 
tury  XXI:  Space  Sciences.  Applications,  and  Commercial  De¬ 
velopments.  Vol.  64.  Part  III  of  Advances  in  the  Astronautica! 
Sciences  (October  1986). 

2 1 .  M.  Maegele  and  T.  Hentrich.  "The  German  TV-Sat  Broadcast¬ 
ing  Satellite  System."  IEEE  Transactions  on  Broadcasting. 
Vol.  34.  No.  4  (December  1988). 

22.  J.  Georgy.  "Satellite  Broadcasting  in  France."  IEEE  Transac¬ 
tions  on  Broadcasting.  Vol.  34.  No.  4  (December  1988). 

23.  D.  Fasold  and  M.  Lieke.  "The  Antenna  Module  of  the  Direct 
Broadcasting  Satellite  TV-Sat."  IEEE  International  Sympo¬ 
sium  on  Antennas  and  Propagation  (June  1989). 

24.  D.  Morin,  et  al..  "TDF  Antenna  Subsystem."  Sixth  Interna¬ 
tional  Conference  on  Antennas  and  Propagation.  IEE  Confer¬ 
ence  Publication  No.  301  ( 1989). 

25.  L.  Anderson.  "Tele-X  and  Its  Role  in  a  Future  Operational 
Nordic  Satellite  System."  Acta  Astronautica.  Vol.  14  ( 1986). 

26.  "Nordic  Satellite  System:  Tele-X."  Space  Communication 
and  Broadcasting.  Vol.  6.  No.  1-2  (May  1988). 

27.  M.  Bonnedal  and  P.  Ingvarson.  “The  Antenna  System  for  the 
Tele-X  Nordic  Communication  Satellite."  Proceedings  of  the 
I  Sth  European  Microwave  Conference  (September  1988). 

28.  M.  Bonnedal  and  P.  Ingvarson.  "The  Antenna  System  for  the 
Tele-X  Satellite."  IEEE  International  Symposium  on  Anten¬ 
nas  and  Propagation  (June  1989). 

29.  S.  Chenard.  "The  Sorry  Saga  of  Tele-X."  Space  Markets.  Vol. 
4.  No.  2.  (May-Junc  1989). 

30.  C.  Bulloch.  "High  Hopes  at  High  Latitudes."  Space  Markets. 
Vol.  5.  No.  4  (September-October  1990). 


ASTRA 


Communication  satellites  were  studied  in  Luxembourg  since 
the  early  1980s.  The  country  is  obviously  too  small  to  require  its 
own  satellite.  Rather,  the  ideas  are  aimed  at  European  coverage, 
which  has  drawn  opposition  from  Eutelsat.  Eutelsat  is  supported 
by  the  national  communications  agencies  of  the  European  nations 
which  strongly  regulated  communications  until  the  end  of  the 
1980s.  and  in  a  few  nations  still  do.  Thus,  with  opposition  from 
Eutelsat.  the  prospects  for  a  Luxembourg-based  system  were 
poor. 

In  1984.  a  project  named  Coronet  became  the  primary  satellite 
activity  in  Luxembourg.  The  plan  was  to  use  a  satellite  with  many 
medium-power  transponders  to  provide  acceptable  television 
broadcasting  to  home  receivers  at  a  cost  per  channel  much  lower 
than  the  high-power  satellites  in  development  (e.g..  TDF.  TV- 
Sat).  In  1985.  Coronet  placed  an  order  for  a  sixteen-transponder 
satellite.  That  same  year.  Coronet  was  replaced  by  Societe  Euro- 


peenne  des  Satellites  (SES).  which  assumed  the  satellite  contract. 
SES  is  a  private  company  in  Luxembourg  w  ith  some  indirect  in¬ 
vestment  by.  and  direct  support  from,  the  government.  The  sup¬ 
port  was  very  important,  because  SES  faced  a  difficult  series  of 
negotiations  to  have  their  system  accepted  by  telecommunica¬ 
tions  regulators  in  other  European  countries.  The  acceptance  was 
achieved,  and  (he  system  1 1  -4 1  went  into  operation  early  in  1989. 
a  few  months  after  the  first  satellite  was  launched. 

The  SES  satellites  are  named  Astra.  Astra  I A  was  ordered  in 
1985  and  launched  in  1988.  Astra  IB  was  ordered  in  1989  and 
launched  in  1991.  The  satellites  are  not  identical,  but  both  are 
very  similar  to  satellites  used  for  United  States  domestic  commu¬ 
nications.  Both  have  typical  three-axis-stabili/ed  designs:  a  box¬ 
shaped  body  with  solar  arrays  that  deploy  in  orbit.  The  antenna  on 
Astra  1 A  is  fixed  on  the  earth-v  iewing  face,  w  hereas  the  Astra  I B 
antenna  deploys  in  orbit. 
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Astra  IB  is  the  larger  satellite.  When  SES  contracted  for  it.  it 
was  almost  completely  built  as  Satcom  K3  for  United  Stales  do¬ 
mestic  use.  Thus,  it  was  ready  for  launch  in  only  a  year  and  a  half. 
The  main  rework  was  to  modify  the  antenna  pattern  for  European 
coverage.  Since  it  was  larger,  it  had  the  pow'er  and  thermal  capac¬ 
ity  to  accommodate  higher  power  transmitters  than  Astra  I  A.  It 


also  has  a  larger,  longer  focal  length  antenna  which  led  to  better 
beam  shaping  for  the  coverage  desired  by  SES. 

Astra  I A  and  IB  each  have  sixteen  transponders.  Their  fre¬ 
quencies  are  adjacent  rather  than  identical,  so  that  they  can  be 
collocated  in  orbit.  This  allows  ground  receivers  to  get  up  to  thir¬ 
ty-two  signals  w  ith  one  antenna  pointed  at  their  common  loca¬ 
tion.  Other  aspects  of  these  satellites  are: 


LO  3.05  GHz  (1  A) 

2.55  GHz  (IB) 


Same  as  above  for 

channels  2,  4,  6,  8,  10,  12,  14,  16 


Satellite 

Body  60  x  84  x  44  in.,  solar  array  span  63  ft  ( I  A);  body  1 1 2  x  80 
x  86  in.,  solar  array  span  approximately  80  ft  I  IB) 

2300  lb  ( I  A).  2730  lb  ( I B)  in  orbit,  beginning  of  life 
2700  VV  ( I  A).  3700  W  ( I B)  beginning  of  life:  NiHi  batteries 
Three-axis  stabili/ation  using  pivoted  momentum  wheel,  point¬ 
ing  accuracy  in  roll/pitch/yaw  0.06/0.07/0.22  deg  ( I  A).  0.07/ 
0.00/0.35  deg  (IB) 

Solid  motor  for  apogee  maneuver,  monopropollant  liquid  propul¬ 
sion  on  orbit  (  I  A):  bipropellant  liquid  propulsion  for 
apogee  maneuver,  monopropollant  on  orbit  (IB) 


Astra  I A  coventf’e  area. 

The  Coronet  plan  to  focus  on  television  broadcasting  turned 
out  to  be  a  good  one.  even  though  the  satellites  are  not  limited  to 
that.  Television's  use  of  satellites  in  Europe  grew  much  faster 
than  the  business  communications  that  other  systems  had  expect¬ 


ed  to  be  their  main  user.  Television  broadcasting  to  homes  has  not 
grown  as  fast  as  expected  by  SES.  but  many  cable  TV  operators 
receive  and  redistribute  the  SES  signals. 

The  primary  service  area  for  Astra  I A  includes  England. 
France.  Germany.  Denmark,  the  Low  Countries.  Switzerland. 
Austria,  and  northern  Italy.  Ground  antenna  sizes  as  small  as  2  ft 
are  able  to  provide  acceptable  signal  quality  for  home  viewing. 
Cable  system  operators  use  larger  antennas  for  better  signal  qual¬ 
ity.  Bv  doubling  the  ground  antenna  si/e.  the  coverage  expands  to 
all  the  British  Isles,  and  half  of  Norway.  Sweden.  Italy,  and  Spain. 
Astra  IB  has  slightly  larger  coverage  than  I  A.  plus  an  additional, 
switchable  coverage  for  the  Canary  Islands. 

When  Astra  I  A  began  operations,  the  broadcasters  using  it 
were  concentrated  in  England  and  Scandinavia.  Use  of  the  satel¬ 
lite  increased  slowly  through  1989;  but  by  the  end  of  1990  it  was 
fully  utilized,  and  all  available  transponders  on  Astra  IB  were 
leased.  The  increased  use  includes  an  increase  in  the  nationalities 
of  the  broadcasters.  The  success  of  SES.  w  hich  was  not  generally 
predicted  through  1988,  became  obvious  in  1990. 

In  1990.  SES  requested  proposals  for  one  or  two  more  satel¬ 
lites.  In  December,  it  announced  an  order  for  Astra  1C  and  ID. 
They  w  ill  be  similar  to  the  earlier  satellites  although  built  by  a 
different  manufacturer.  Their  launches  are  planned  for  1993  and 
1994. 
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KOPERNIKUS 


West  Germany  was  a  relatively  small  country  w  ith  a  well-de¬ 
veloped  terrestrial  communications  network.  Communication  sat¬ 
ellites  have  been  added  to  this  network  to  improve  distribution  of 
television  programs,  to  improve  communications  with  West  Ber¬ 
lin,  and  to  provide  for  the  recent  interest  in  digital  communica¬ 
tions  for  business  applications.  The  use  of  satellites  started  in 
1984  with  one  leased  Eutelsat  transponder.  In  1985.  West  Germa¬ 
ny  started  using  several  leased  Intelsat  transponders  for  both  tele¬ 
vision  and  data  transmissions. 

Development  of  the  DFS  (Deutsche  Fernmeldesatellit.  Ger¬ 
man  Telecommunications  Satellite)  system  |l-8|  started  in  1983. 
It  includes  the  Kopernikus  satellite,  thirty-four  earth  terminals, 
and  other  terrestrial  equipment.  The  satellite  is  composed  of  three 
modules:  satellite  bus,  communications,  and  antenna.  The  tech¬ 
nology  used  in  the  satellite  is  based  on  the  ECS  and  TV- Sat  devel¬ 
opments.  The  bus  module  contains  the  various  support 
subsystems  and  provides  the  primary  structure  for  the  satellite. 


The  two  solar  arrays  deploy  when  the  satellite  is  in  synchronous 
orbit:  each  array  has  three  panels.  A  bipropellant  propulsion  sub¬ 
system  is  used  for  the  apogee  maneuver  and  all  subsequent  re¬ 
quirements. 

The  communications  equipment  is  mounted  on  the  two  paral¬ 
lel  faces  of  the  communications  modules  for  close  coupling  to  the 
thermal  radiators.  There  are  two  sections  of  the  communication 
subsystem  that  use  the  1 1-12/14-GHz  and  20/30-GH/  frequency 
bands.  Lower  frequencies  are  used  for  the  section  intended  for 
operational  use.  It  has  seven  44-MH/  bandwidth  transponders  at 
12/14  GHz  and  three  90-MHz  bandwidth  transponders  at  1 1/14 
GHz.  Because  of  the  split  transmission  band,  frequency  conver¬ 
sion  is  accomplished  in  the  channelized  transmitter  rather  than  (as 
is  common  on  most  communication  satellites)  in  the  broadband 
receiver.  The  20/30-GH/  section  of  the  communication  sub¬ 
system  has  only  one  transponder  and  is  intended  for  experimental 
use.  Both  sections  use  antennas  of  the  same  desiun.  with  beams 
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covering  West  Germany  and  Berlin.  The  same  beams  now  pro¬ 
vide  good  coverage  of  the  united  Germany.  The  antennas  are 
fixed  on  the  earth-v  iewing  face  of  the  satellite.  Performance  v  al¬ 
ues  are  as  follows: 

Satellite 

Body  approximately  5x5x6  ft.  solar  arrays  span  about  50  ft 
Approximately  1800  lb  in  orbit 

Sun-tracking  solar  array  s  and  NiCd  batteries.  1500  W  alter  ten 
y  ears 

Three-axis-stabili/ed  using  momentum  wheels.  ±0. 16-deg  accu¬ 
racy 

Uni  tied  bipropellant  propulsion  for  apogee  maneuver  and  for  on- 
orbit  use 

Configuration 

A:  seven  44-MH/  bandwidth  single-conversion  repeaters.  12/14 
GH/.  dual-polarization  frequency  reuse 

B:  three  90-MHz  bandwidth  single-conversion  repeaters  1 1/14 
GH/.  dual-polari/.ution  frequency  reuse 

C:  one  90-MHz  bandwidth  dual-conversion  repeater.  20/30  GH/ 

Capacity 

A:  60  Mbps  or  one  TV  signal  per  repeater 


A  and  B  share  two  active  and  two  spare  receivers 
FET  preamplifiers.  3.7  dB  noise  figure 
8.0  dB/K  G/T  at  edge  of  cov  erage 
C:  29.58  GH/ 

Parametric  amplifiers.  3.5-dB  noise  figure 
One  active,  one  spare  receiver 
7.7  dB/K  G/T  at  edge  of  coverage 

Antenna 

A.  B:  one  offset-fed  Gregorian  antenna.  53-in. -dia.  reflector.  1.2- 
deg  beamwidth.  39.3-dB  gain  at  edge  of  coverage,  dual  linear  po¬ 
larizations.  32-dB  cross-polarizations  isolation 
C:  one  offset-fed  Gregorian  antenna.  28-in.  reflector.  1.2-deg 
beamwidth.  39-dB  gain  at  edge  of  coverage 

Design  life 

Ten  y  ears 

Orbit 

Synchronous  equatorial,  stationkeeping  ±0.07°N-S  and  E-W 

Orbital  history 

I:  launched  5  June  1989.  in  use.  24CE  longitude 
2:  launched  24  July  1990.  in  use.  29CE  longitude 


Koin-rnikiix  communication  subsystem,  fa)  11-12/14  GH:t  (b)  20/40  GHz. 
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programs.  The  other  transponders  are  for  business  communica¬ 
tions  such  as  computer  network,  facsimile,  video  conferencing, 
and  electronic  mail.  Multiple  users  are  connected  to  each  termi¬ 
nal.  The  terminals  will  communicate  in  a  TDMA  network  with 
intertransponder  frequency  hopping  on  reception.  Base  capacity 
is  preassigned,  but  the  peak  capacity  requirements  of  each  termi¬ 
nal  w  ill  be  demand  assigned.  Transmission  is  QPSK  at  60  Mbps: 
user  information  rates  are  64  kbps  to  2.0-t8  Mbps. 

The  1 1 / 1 4-GHz  transponders  are  used  for  telephone  trunk  cir¬ 
cuits  and  network  television.  Transponder  capacity  is  two  televi¬ 
sion  signals  or  one  140  Mbps  or  two  40  Mbps  QPSK  signals. 
Initially,  only  two  earth  terminals  were  built,  one  of  them  in  Ber¬ 
lin  and  one  in  l-'rankfurt.  Both  have  5 9- ft  antennas.  Two  20/30- 
GH/  earth  terminals,  with  36- ft  antennas,  are  being  built  in  the 
same  locations  and  will  use  the  20/30-GH/  transponder  for  the 
same  ty  pe  of  traffic. 
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System  DFS-Kopcrnikus."  Paper  86-0695.  AIAA  Nth  Com¬ 
munication  Satellite  System  Conference  (March  1986). 

3.  FI.  Gaenssmantel.  "The  Pay  load  of  the  German  Communica¬ 
tions  Satellite  DFS-Kopernikux,"  Paper  86-0726.  AIAA  I  lilt 
Communication  Satellite  System  Conference  (March  1986). 

4.  R.  W.  Slabon.  O.  Schmeller.  and  VV.  V.  Knoben.  "Advanced 
Data  and  ISDN  Services  in  the  DFS  Satellite  Communications 
System."  Seventh  International  Conference  on  Digital  Satel¬ 
lite  Communications  (May  1986). 

5.  H.  Mahner.  J.  Meyer,  and  L.  Friederichs.  "DFS  Transmission 
Design.  Pay  load  and  Larth  Stations.”  Seventh  International 
Conference  on  Digital  Satellite  Communications  (May  1986). 

6.  "National  German  Telecommunication  Satellite  DFS-Koper- 
nikus."  Spai  n  Communication  and  Hroaih  listing.  Vol.  6.  No. 
1-2  (May  1988). 

7.  FI.  Mahner.  "A  Satellite  Business  Network  in  Germany."  Pa¬ 
per  25.2.  International  Conference  on  Communications: 
ICC" NX  (June  1988). 

8.  D.  Tremurici.  "Pay  load  Design  and  Repeater  Performance  of 
DFS  Kopernikus  1."  Space  Communication.  Vol.  7.  No.  4-6 
(November  1990). 


BRITISH  SATELLITE  BROADCASTING 


The  Cnited  Kingdom,  in  1982.  was  (he  first  European  country 
to  authorize  a  commercial  satellite  broadcasting  project.  "Com¬ 
mercial"  is  in  contrast  to  the  government-run  TV-Sat  and  TDF 
programs  in  Germany  and  France.  The  United  Kingdom  project, 
called  Unisat.  was  stopped  in  1984  because  costs  hud  grown  too 
muen.  In  1985.  the  Independent  Broadcasting  Authority,  which 
regulates  all  British  radio  and  TV  broadcasting  except  the  BBC. 
studied  new  approaches  to  organizing  a  satellite  broadcasting 
project.  A  favorable  decision  was  made,  and  a  request  for  fran¬ 
chise  proposals  was  advertised  in  1986.  This  franchise  was 
awarded  to  British  Satellite  Broadcasting.  Ltd.  1 l-4|  at  the  end  of 
the  y  ear  and  cov  ers  a  15-yr  period. 

A  satellite  contractor  was  chosen  in  the  spring  of  1987.  The 
contract  was  unusual  in  that  it  required  delivery  in  orbit  of  a  prop¬ 
erly  working  satellite.  The  sateF'te  contractor  was  required  tv. 
make  all  arrangements  for  launch,  and  the  satellite  and  launch 
contractors  shared  the  risk  for  all  failures,  limited  only  by  any  in¬ 
surance  they  could  arrange. 

The  satellite  is  the  lirst  for  television  broadcasting  to  be  de¬ 
signed  w  ith  a  spinning  body  and  despun  communications  equip¬ 
ment  platform.  All  others  are  designed  with  three-axis-stabilized 
bodies  with  large  solar  panels.  The  BSB  satelli'e  has  five  tran¬ 
sponders  corresponding  to  the  live  channel  frequencies  allocated 
to  the  United  Kingdom  by  the  ITU.  Six  power  amplifiers  are 
available  for  these  liv  e  channels.  Each  amplifier  is  a  pair  of  well- 
matched  TWTs  tied  to  a  common  power  supply.  Each  amplifier 
may  be  used  at  high  power  (both  TWTs  on)  or  low  power  (one 
TWT  on).  The  low-power  mode  is  available  even  if  one  TWT 
fails.  The  satellite  can  prov  ide  enough  power  to  support  six  TWTs 
simultaneously,  which  will  usually  he  for  three  transponders  in 
high-power  mode.  With  two  satellites  in  orbit  for  redundancy, 
three  transponders  on  one  and  two  on  the  other  will  till  the  live  al¬ 
located  frequencies. 

The  satellite  is  launched  as  a  compact  cylinder.  In  orbit,  a  cy  ¬ 
lindrical  solar  array  drum  is  deployed  along  its  axis,  thereby  ex¬ 
posing  a  second  solar  array  on  (he  cy  lindrical  surface  of  the 


satellite  body.  This  doubles  the  available  power-generating  capa¬ 
bility  while  maintaining  a  compact  launch  configuration  and  has 
been  used  on  many  other  satellites.  The  main  antenna  also  is  de¬ 
ployed  in  orbit,  rotating  about  the  hinge  where  it  is  attached  to  the 
satellite,  and  also  unfolding  along  one  higher  line  internal  to  the 
antenna.  Additional  satellite  details  are  as  follow  s: 

Satellite 

Cylindrical  body.  7 -ft  1  -in.  dia..  8-ft  10  in.  tall  stowed.  23-ft  7-in. 
tali  deployed 

1450  lb  in  orbit,  beginning  of  life 

Spinning  solar  array  on  satellite  body  am!  deployed  drum.  NiCd 
batteries.  1 100  W  beginning  of  life.  915  W  end  of  life 
Spin-stabilized,  gyrostat  with  nutation  damping.  0.05-deg  anten¬ 
na  pointing  accuracy 

Solid  motor  for  apogee  maneuver,  monopropellant  hydrazine  for 
on-orbit  use 

Configuration 

Five  27-MHz  bandwidth  single-conversion  transponders,  three 
may  be  operated  simultaneously  at  high  power,  or  two  at  high 
power  and  two  at  half  power,  or  one  at  high  power  and  four  at  half 
power 

Transmitter 

1 1.785.  1 1.862.  1 1.938.  12.015.  and  12.092  MHz  (ITU  broadcast¬ 
ing  satellite  channels  4.  8.  12.  16.  20) 

Six  TWTAs.  each  composed  of  two  55-W  TWTs  tied  to  a  com¬ 
mon  power  supply  .  55-W  or  1 10- W  output,  maximum  of  six  55- 
W  TWTs  on  simultaneously 

FRP  59  dBW  over  all  of  the  United  Kingdom.  61  dBW  ov  er  900 

Receiver 

17.3  to  17.7  GHz 

One  active  and  one  spare  receiver 
CiCr  14  dB/K 
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Antenna 

One  68-  v  100-in.  parabolic  re  Heel  or.  offset-fed  by  multiple  teed 
horns  to  form  a  iransmil  beam  approximately  0.75  x  1.8  dee.  off¬ 
set -fed  by  one  feed  horn  to  form  a  receiver  beam,  circular  polar¬ 
ization 

Design  life 

Ten  years 

Orbit 

Sy  nehronoiis  equatorial,  stationkeeping  to  ±0. 1  N-S  and  K-W 

Orbital  history 

I:  launched  27  August  1989.  operational.  51  W  longitude 
2:  launched  115  August  I  WO.  dormant  and  drifting  near  synchro¬ 
nous  altitude 
Delta  launch  vehicle 

Management 

Developed  for  British  Satellite  Broadcasting  by  Hughes  Aircraft 
Company 

Operated  by  British  Satellite  Broadcasting 

The  first  satellite  was  launched  in  HIS1)  and  placed  at  31  W 
longitude  in  the  synchronous  orbit,  which  is  the  ITO-assigned  lo¬ 
cation  lor  broadcasting  to  the  I'nited  Kingdom.  This  satellite 
sometimes  has  been  named  Marcopolo  I.  It  was  delivered  to  BSB 
there,  in  good  condition,  as  specified  in  the  contract.  A  satellite 
control  station  and  an  uplink  broadcasting  station,  for  transmit¬ 
ting  signals  to  the  satellite,  have  been  built  in  southern  England. 


BSB  started  operations  in  spring  1W0.  lirst  to  cable  systems 
and  then  to  individual  home  receivers.  It  w  as  required  to  allow  re¬ 
ception  by  cable  operators,  hut  every  home  that  connects  to  cable 
is  one  less  that  will  buy  an  individual  receiver  and  pay  a  yearly 
fee  to  BSB.  Futhermore.  a  competitor.  Sky  Telev  ision,  had  been 
broadcasting  telev  ision  to  the  United  Kingdom  und  Ireland  since 
1989.  using  Luxembourg's  lower- power  Astra  satellite. 

The  competition  from  cable  systems  and  Sky  Telev  ision 
caused  a  bleak  financial  outlook  for  BSB.  Through  part  of  1990. 
BSB  and  Sky  Telev  ision  publicly  debated  the  merits  of  their 
broadcasts.  Both  were  losing  money,  and  in  November  1990  they 
agreed  to  merge  with  the  name  British  Sky  Broadcasting.  Since 
more  homes  had  antennas  for  receiving  from  Astra  than  for  re¬ 
ceiving  from  the  BSB  satellite,  broadcasting  is  now  on  Astra. 
This  decision  leaves  BSB  satellites  largely  or  wholly  unused.  As  a 
result,  the  second  satellite  has  been  left  dormant  in  a  drifting  or¬ 
bit.  rather  than  being  stabilized  and  activated  at  3lW  longitude. 
The  future  of  the  two  satellites  is  uncertain. 
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EUTELSAT  II 


Since  the  EC'S/Eulelsal  I  satellites  were  designed  by  ESA.  Eu- 
telsat  II  1 1  -9 1  is  the  tirsi  series  designed  by  and  specifically  for 
Euteisal.  The  Eutelsat  I  operations  uncovered  a  large  market  for 
business  communications  and  even  more  for  television  distribu¬ 
tion.  Response  to  this  market  shaped  the  requirements  for  Eutel- 
sat  II.  The  primary  differences  between  the  two  series  of  satellites 
are  broader  coverage  and  much  higher  power,  improved  redun¬ 
dance.  and  more  efficiency  and  flexibility  in  spectrum  use  on  Eu¬ 
telsat  II. 

The  Eutelsat  II  satellite  has  sixteen  transponders.  All  are  re¬ 
ceived  through  a  European  coverage  antenna  beam.  All  can  be 
transmitted  through  beams  w  ith  the  same  coverage  or  switched  in 
groups  to  a  narrower  beam  w  hich  covers  (he  core  of  Western  Eu¬ 
rope.  The  broader  beam  encompasses  an  area  bounded  by  the 
Azore  and  Canary  Islands  in  the  Atlantic,  the  Mediterranean 
coasts  of  Africa  and  the  Middle  East.  Turkey,  the  western  limits 
ot  the  Sov  ic(  Union,  Finland,  and  Iceland.  The  narrower  beam  en¬ 
compasses  the  area  bounded  by  Spain.  Italy,  southern  Scandina¬ 
via.  and  Circa!  Britain.  Six  of  the  transponders  can  be  individually 
switched  between  two  different  transmission  frequencies  as  an¬ 
other  aspect  of  the  Eutelsat  flexibility.  This  is  show  n  in  the  fre¬ 
quency  plan  diagram,  which  also  shows  the  transponder 
groupings  for  switching  between  the  two  antenna  beams  for 
transmission  The  groups  labeled  a  and  b  are  transmitted  through 
the  west  antenna,  and  group  c  through  the  east  antenna,  which 
also  is  the  receive  antenna  for  all  transponders. 

The  European  coverage  beam  is  used  for  transmission  of  tele¬ 
phony.  data,  business  services,  and  telev  ision  distribution.  The 


narrow  coverage  beam  is  used  for  television  transmissions  to  an¬ 
tennas  with  2-  and  3  -  ft  diameters.  Each  beam  uses  both  linear  po¬ 
larizations.  with  separate  feed  horns  (breach.  The  feed  horns  are 
attached  to  the  satellite  body,  but  the  reflectors  are  stowed  against 
the  body  and  are  deployed  in  orbit. 

The  satellite  structure  is  similar  to  many  others,  hav  ing  a  box¬ 
shaped  body  composed  of  two  modules,  one  for  the  pay  load  and 
one  for  the  supporting  subsy  stems.  There  is  space  on  the  earth- 
viewing  face  of  the  body  for  antennas  to  work  with  additional 
payloads.  Additional  Eutelsat  details  are  listed  below: 

Satellite 

Body  9  x  6.5  x  8  ft.  span  across  solar  arrays  73.5  ft 
Approximately  2000  lb  in  orbit,  beginning  of  life 
Sun-tracking  solar  array  s  and  NiH>  batteries.  30(H)  W  end  of  life 
Three-axis  stabilization  using  momentum  wheels 
Unified  bipropellant  propulsion  for  both  apogee  maneuver  and 
on-orbit  use 

Configuration 

Nine  36-MHz  bandwidth,  single-conversion  transponders  and 
seven  72-MHz  bandwidth  single-conversion  transponders,  dual¬ 
polarization  frequency  reuse 

Transmitter 

10.95  to  ll.2GHz.  II  45  to  1 1.7  GHz.  12.5  to  12.75  GHz 
50- W  TWTAs  arranged  in  two  rings  of  twelve,  with  eight  active 
m  each  ring 


ERP  39  to  44  dBW  for  European  coverage,  47  to  52  dBW  for  nar¬ 
row  coverage 

Receiver 

14.0  to  14.5  GHz 

Parametric  amplifiers,  two  active,  one  spare 

G/T  +2.0  dB/K  over  central  part  of  coverage,  -0.5  dB/K  over 

90c/r  of  coverage,  -3.5  dB/K  minimum 


Eutelsat  II  satellite. 


Antenna 

Two  offset-fed,  dual-gridded  parabolic  reflectors,  each  about  64  x 
88  in.  physically  with  an  effective  aperture  of  64  in.:  two  feed  ar¬ 
rays  per  reflector,  one  array  per  polarization,  twenty  or  twenty- 
one  horns  per  array,  one  antenna  for  transmission  and  reception, 
one  for  transmission  only;  dual  linear  polarizations 

Design  life 

Seven  vears 


Orbital  history 

1:  launched  30  August  1990.  in  use.  13°E  longitude 
2:  launched  15  January  1991.  in  use.  10°E  longitude 
3:  launch  scheduled  early  1992 
4:  launch  scheduled  February  1992 
5:  launch  scheduled  October  1992 
6:  available  for  launch  in  1993 

Ariane  launch  vehicle  ( 1-2.  4-5).  Atlas  II  launch  vehicle  (3) 

Management 

Developed  for  Eutelsat  by  Aerospatiale  (France)  as  prime  con¬ 
tractor.  with  subcontractors  in  seven  European  nations 
Operated  by  Eutelsat 


Orbit 

Synchronous  equatorial.  6  to  I9°E  and  32  to  36°E  longitude,  sta¬ 
tionkeeping  to  ±0. 1 °N-S  and  E-W 


14.0  GHz 


14.5 


Notes:  Transponders  3  to  5  and  1 1  to  13  may  each  be  switched  to 
either  of  two  transmit  bands,  but  not  to  both  simultaneously 

Transponders  above  and  below  the  lines  are  on  different 
polarizations 

The  a.  b.  c  labels  identify  three  groups  of  transponders, 
each  group  may  be  switched  to  either  the  wide  or  narrow 
coverage  transmit  beams 


The  first  Eutelsat  II  was  launched  in  1990  and  the  second  five 
months  later.  During  the  early  months  of  1991.  they  are  being  in¬ 
tegrated  onto  the  Eutelsat  system  and  taking  over  some  of  the 
traffic  from  Eutelsat  I  satellites.  In  addition,  many  Eutelsat  II  tran¬ 
sponders  have  been  leased  for  applications  which  could  not  be  ac¬ 
commodated  on  Eutelsat  I.  Three  more  satellites  will  be  launched 
in  1993.  The  contract  still  has  options  for  seventh  and  eighth  sat¬ 
ellites. 
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ITALSAT 


Italsat  satellite. 


services  to  users 


Italsat  1 1-23|  is  a  major  element  of  the  Italian  national  space 
plan.  The  plan  defines  objectives  in  space  research  and  space 
technology.  Many  objectives  are  realized  in  multinational  pro¬ 
grams.  but  Italsat  is  being  developed  entirely  in  Italy.  It  is  based 
on  experience  gained  in  the  Sirio  program.  Italsat  is  a  preoper- 
ational  satellite  intended  to  be  as  similar  as  possible  to  the  op¬ 
erational  satellites.  Its  objectives  are  to 

•  Prove  the  national  capability  to  design  and  develop  a 
medium-size  satellite. 

•  Demonstrate,  in  orbit,  most  or  all  of  the  technolo¬ 
gies  required  for  the  operational  system. 

•  Demonstrate  advanced  telecommunication 


Support  new  millimeter-wave 
propagation  experiments. 


The  technology  demonstration  is  strengthened  by  strong  Italian 
participation  in  the  Olympus  2()/3()-GHz  payloads. 

The  llalsat  is  a  three-axis-stabilized  satellite.  Its  design  is  new. 
rather  than  a  derivative  of  an  older  satellite.  System  definition  be¬ 
gan  in  1981.  and  the  detailed  design  phase  began  in  the  fall  of 
1983.  Its  rectangular  body  and  multipanel  solar  wings  are  typical 
features  of  three-axis-stabilized  designs.  All  support  subsystems 
and  communications  electronics  are  contained  within  the  body. 
The  propulsion  subsystem  is  a  bipropellant  type  and  is  used  both 
for  the  apogee  maneuver  and  in  orbit.  The  power  subsystem  uses 
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nickel-hydrogen  batteries.  The  two  large  antennas  are  folded 
against  the  satellite  body  for  launch  and  deployed  in  orbit;  each 
has  a  positioning  mechanism  for  fine  pointing  control.  The  other 
antennas  are  fixed  to  the  satellite;  their  pointing  is  set  by  the  satel¬ 
lite  attitude. 

Italsat  has  three  payloads.  The  largest  is  for  point-to-point  do¬ 
mestic  communications.  This  payload  will  be  used  for  high-vol¬ 
ume  telephony  between  major  nodes  of  the  Italian  terrestrial 
network.  The  second  payload  is  for  specialized  services.  This  re¬ 
fers  to  business  communications,  including  voice,  data,  and  fac¬ 
simile  transmissions  between  small  ground  terminals  at  customer 
locations.  The  smallest  payload  is  for  propagation  measurements. 
Payload  and  satellite  parameters  are  as  follows: 

Satellite 

Rectangular  body.  70  x  70  x  76  in.,  satellite  height  (body  plus  an¬ 
tennas)  1 1 .4  ft.  span  across  deployed  antennas  19.2  ft.  span  of  so¬ 
lar  arrays  69  ft 


Approximately  I9(X)  lb  in  orbit,  beginning  of  life 

Solar  eells  and  NiH^  batteries.  1600  W  minimum  after  seven 

years  (sunlight).  11(X)W  (eclipse) 

Three-axis-stabilized  using  pitch  bias  momentum  wheels.  ±0.15- 
deg  accuracy;  multibeam  antennas  pointed  to  ±0.03  deg  via  track¬ 
ing  of  ground  beacon 

Unilied  bipropellant  propulsion  for  apogee  maneuver  and  on- 
orbit  control 

Configuration 

DC  (point-to-point  domestic  communications  payload):  six  147- 
Mbps  regenerative  repeaters 

SS  (specialized  services  payload):  three  36  MHz  bandwidth  dou¬ 
ble-conversion  repeaters  (only  one  on  during  eclipse) 

PE  (propagation  experiment):  beacons  at  18.7.  39.6.  and  49.5 
GHz 


Impatt  amplifier 

Italsat.  (a)  special  services;  ( b)  propagation  payloads. 


Transmitter 

DC:  18.82,  19.04.  19.15.  19.48,  19.83,  and  20.07  GHz 
One  20-W  TWT  per  repeater  plus  two  spares 
ERP57  dBW 

SS:  19.72,  19.95,  and  20.18  GHz 

One  20-W  TWT  per  repeater,  plus  two  spares 
ERP  46.2  dBW 

PE:  1 8.685  GHz,  0. 1  W,  ERP  23.7  dBW 

39.592-GHz,  1-W  Impatt  amplifier,  ERP  27  dBW 
49.49-GHz.  1-W  Impatt  amplifier,  ERP  >25  dBW 

Receiver 

DC:  27.61,  27.84.  28.27,  28.62.  28.95,  and  29.28  GHz  plus  track¬ 
ing  beacons  at  28.463  and  29.473  GHz 

Redundant  receivers  (one  active,  one  spare)  for  each  antenna 
G/T  +16  dB  at  edge  of  coverage 


SS:  29.517,  29.747.  and  29.977  GHz 

Redundant  receivers  (one  active,  one  spare) 

G/T  +5.5  dB  at  edge  of  coverage 

Antenna 

DC:  two  77-in. -dia.  offset-fed  parabolic  reflectors,  each  has  three 
feed  horns  each  generating  one  0.49-deg  transmit  beam  and  one 
0.3 1  -deg  receive  beam,  plus  a  seven-horn  cluster  for  tracking  a 
ground  beacon;  edge  of  coverage  is  the  -3  dB  transmit  contour 
and  -6  dB  receive  contour,  linear  polarization 
SS:  one  35-  x  25-in.  Cassegrain  antenna  generating  one  transmit 
and  receive  beam  approximately  1.3  x  1.8  deg.  linear  polarization 
PE:  two  offset-fed  parabolic  reflectors,  one  8-in. -dia.  at  40  GHz, 
one  6-in. -dia.  at  50  GHz.  3.3-deg  beam,  circular  polarization  at  40 
GHz.  linear  at  50  GHz  (can  be  switched  between  horizontal  and 
vertical  at  933  Hz) 
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Design  life 

Sewn  years 

Orbit 

Synchronous  equatorial.  I3°E  longitude,  stationkeeping  to 
±6.  r  N-S  and  E-W 

Orbital  history 

Launched  15  January  I 99 I 
Ariane  launch  vehicle 


ltalsat  coverages.  la)  Domestic  communications  I spots  A-F)  anil 
special  services;  I  It)  propagation  experiment. 


Management 

Developed  by  Telespa/io  and  Selenia  for  Italian  Space  Agency 
(through  1988  development  was  managed  by  Italian  National  Re¬ 
search  Council) 

The  20/30-GHz  domestic  communications  payload  includes 
uplink  demodu-  lation.  baseband-switched  TDMA.  and  remodu¬ 
lation.  The  TDMA  scheme  uses  32-msec  frames  with  3000  slots 
per  frame.  The  satellite  generates  the  system  timing  reference. 
Each  of  the  two  large  antennas  generates  three  spatially  separated 
beams,  which  are  used  for  both  transmission  and  reception.  The 
TDMA  switching  can  accommodate  up  to  sixteen  ground  termi¬ 
nals  in  each  beam.  Every  beam  uses  a  separate  frequency,  al¬ 
though  spatial  reuse  of  frequencies  is  being  considered  for  the 
operational  system.  The  same  frequency  pattern  is  used  in  each 
antenna.  Hence,  only  two  local  oscillator  frequencies  convert  the 
uplinks  to  a  common  set  of  three  intermediate  frequencies  at 
about  12  GHz.  The  signals  are  then  routed  to  147.456-Mbps 
QPSK  demodulators,  baseband  switches,  and  147.456-Mbps 
QPSK  modulators  operating  at  the  downlink  frequencies.  Down¬ 
links  are  continuous  TDM  combinations  of  uplink  bursts.  The 
modulator  outputs  are  routed  to  the  redundant  TWTs.  In  addition 
to  the  communications  receivers,  the  payload  has  tracking  receiv¬ 
ers  for  each  antenna.  These  derive  pointing  information  that  is 
used  to  control  the  antenna  positions. 

The  specialized  services  payload  also  operates  in  the  20-  and 
3()-GHz  bands.  It  has  one  antenna  generating  a  single  beam  w  hich 
includes  all  of  Italy.  The  payload  has  three  channels,  each  with  a 
36-MHz  bandw  idth.  Only  one  is  used  during  eclipse.  The  redun¬ 
dant  broadband  receivers  downconvert  the  signals  to  intermediate 
frequencies  near  12  GHz.  Channelized  IF  amplifiers  are  followed 
by  upeonverters  and  TWTs.  all  w  ith  some  redundancy.  Transmis¬ 
sions  will  be  QPSK  at  a  TDMA  burst  rate  of  24.576  Mbps,  with 
frequency  hopping  among  the  channels.  This  TDMA  rate  is  ex- 
;ly  one-sixth  the  rate  in  the  main  payload.  The  possibility  of  in¬ 
terconnecting  high-  and  low-rate  channels  with  rate  conversion  is 
being  studied  for  the  operational  satellites  that  will  follow  ltalsat. 
Both  payloads  will  be  used  with  ground  terminals  that  have  an¬ 
tenna  diameters  of  either  1 1 .5  or  16.5  ft.  depending  on  local  rain¬ 
fall  statistics. 

The  propagation  experiments  payload  generates  three  signals, 
near  20.  40.  and  50  GHz.  from  a  common  oscillator.  The  40-  and 
50-GHz  frequencies  were  selected,  because  there  are  several  in¬ 
ternational  allocations  for  communications  and  broadcasting  sat¬ 
ellites  near  these  two  frequencies.  The  2()-GHz  signal  is 
modulated  by  an  8-kHz  subcarrier  carrying  spacecraft  telemetry 
data  and  is  radiated  through  the  antenna  of  the  specialized  servic¬ 
es  payload.  It  serves  as  a  tracking  beacon  for  all  Italian  ground 
terminals  using  the  satellite.  The  received  power  level  can  be 
used  as  a  measure  of  propagation  loss  for  uplink  power  control. 
The  40-GHz  beacon  is  phase  modulated  by  a  505-MHz  sine  wave 
to  produce  two  sidebands  and  is  transmitted  to  most  of  Europe. 
The  50-GHz  beacon  has  the  same  European  coverage.  It  is  un¬ 
modulated  but  can  be  switched  between  orthogonal  linear  polar¬ 
izations  at  933  Hz.  Propagation  measurements  planned  in  Italy 
include  attenuation,  depolarization,  wavefront  coherence,  and 
other  phenomena. 

The  engineering  model  of  ltalsat  was  integrated  and  tested  in 
1988.  The  High!  model  finished  testing  in  1990  and  was  launched 
in  January  199).  Initial  post-launch  behavior  was  very  good.  An 
extended  period  of  testing  is  planned,  followed  by  operational  use 
of  the  satellite  beginning  in  summer  1991. 
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Although  higher  capacity  future  satellites  have  been  studied, 
none  has  been  authorized.  However,  to  continue  the  program, 
production  of  a  second  (light  model  Italsat  was  authorized  at  the 
end  of  I  WO.  No  launch  date  has  been  set  for  this  satellite. 
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TELECOM  2 


The  Telecom  2  satellites  [  1 1  are  being  developed  to  replace  the 
Telecom  I  satellites.  The  contractors  were  chosen  near  P  ■  end  of 
1987.  and  a  contract  was  signed  in  the  spring  of  1988.  is  for 
three  satellites,  w  ith  an  option  for  a  fourth.  The  Telecom  2  satel¬ 
lites  are  larger  than  Telecom  I  but  of  a  similar  design.  They  are 
larger  and  have  more  power-generating  capability,  to  support 
larger  communications  payloads.  These  payloads  are  the  same  in 
number  and  missions  as  on  Telecom  I  but  have  more,  and  higher 
power,  transponders. 

The  C-band  payload  uses  4  and  6  GHz  for  communications 
between  France  and  its  overseas  departments.  On  Telecom  2.  this 
payload  has  six  transponders  for  spot  beams  to  France.  Guiana 
and  the  West  Indies,  and  the  islands  of  St.  Pierre  and  Miguelon 
(near  Newfoundland).  Four  other  transponders  are  connected  to  a 
semi-global  beam  covering  Guiana.  St.  Pierre,  and  France  as  well 


as  Reunion  in  the  Indian  Ocean  (near  Madagascar).  These  tran¬ 
sponders  use  the  two  large  reflectors  which  are  deployed  in  orbit 
from  the  sides  of  the  satellite  body. 

The  X-band  payload  extends  the  Syracuse  system  begun  with 
Telecom  i.  it  has  five  transponders  and  provides  service  to 
French  forces  inside  France  and  via  global  beams  to  all  points 
visible  from  the  satellite  and  via  a  steerable  antenna  on  the  earth¬ 
viewing  face  of  the  satellite. 

The  Ku-band  payload  is  for  voice,  videoconferencing,  and 
business  networks  in  France.  It  can  also  be  used  in  neighboring 
countries  w  ith  larger  ground  antennas.  Capacity  has  almost  dou¬ 
bled  from  Telecom  I  by  the  use  of  two  polarizations  for  transmis¬ 
sion  and  reception  rather  than  one  on  Telecom  I.  This  payload's 
antenna  is  on  the  earth-view  ing  face  of  the  satellite:  its  beam  cov¬ 
ers  France  and  the  neighboring  countries. 
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The  ground  terminals  used  with  Telecom  I  will  continue  when 
the  Telecom  2  satellites  are  launched.  Two  50- MHz  bandwidth 
('-hand  transponders  will  each  handle  two  FM  television  signals. 
The  other  (  -band  transponders  w  ill  be  used  for  digital  telephony 
and  data,  with  QPSK/FOMA.  Transmission  rates  will  be  2,  8.  and 


24  Mbps,  w  ith  up  to  eight  carriers  per  transponder.  Transmissions 
in  Ku-band  transponders  w  ill  be  QPSK/TDM  A  at  49  Mbps. 
Additional  Telecom  2  details  are  as  follow  s: 

Satellite 

Rectangular  body,  height  of  body  plus  antennas  10  ft.  span  of  de¬ 
ployed  antennas  24  ft.  span  of  deployed  solar  arrays  72  ft 
2215  lb  in  orbit,  beginning  of  life 

Sun-tracking  solar  arrays  and  NiHs  batteries.  3575  W  at  end  of 
life 


G  Guiana 

SP  St.  Pierre  _ 

F  France  G  SP  F  R 


Three-axis  stabilization  using  momentum  wheels  and  magnetic 
torquer,  0. 1  -deg  pointing  accuracy 

Unified  bipropellant  liquid  propulsion  for  apogee  maneuvers  and 
on-orbit  use 

Configuration 

C:  four  90-MHz  bandw  idth  transponders  and  six  50-MHz  band¬ 
width  transponders,  partial  dual-polarization  frequency  reuse 
X:  three  40-MHz.  one  60-MHz.  and  one  80-MHz  bandw  idth  tran¬ 
sponders 


i 


Telecom  2  coinmunicaiitm  subsystem.  C-htuui. 


Telecom  2  communication  subsystem.  Ku  hanJ. 


Ku:  eleven  36-MHz  bandwidth  transponders,  dual-polarization 
frequency  reuse 

Transmitter 

C:  in  3.7-  to  4.2-GHz  band 

One  10-W  solid-state  power  amplifier  per  transponder  plus 
four  spares 

ERP  over  coverage  areas  39  dBW  (spot  beams),  32.3  dBW 
(semi-global  beam) 

X:  in  7.25-  to  7.75-GHz  band 

One  40-W  TWTA  for  each  of  two  transponders  plus  one 
spare 

One  20-W  TWTA  for  each  of  three  transponders  plus  two 
spares 

Ku:  12.5  to  12.75  GHz 

One  55- W  TWTA  per  transponder  plus  four  spares 
ERP  52.5  dBW  over  all  of  France 

Receiver 

C:  5.925-  to  6.425-GHz. 

G/T  -12  dB/K 
X:  in  7.9-  to  8.4-GHz  band 
Ku:  14.0  to  14.25  GHz 
G/T  4  dB/K 

Antenna 

C:  two  7.2-ft-dia.  deployed  offset-fed  parabolic  reflectors  with 
four  feed  horns  (transmit),  earth  coverage  horn  (receive) 


X:  earth  coverage  horns  for  transmission  and  reception  plus  one 
steerable  offset- fed  parabolic  reflector  for  transmission  only 
Ku:  one  dual-gridded  offset-fed  parabolic  reflector,  dual  orthogo¬ 
nal  linear  polarizations 

Design  life 

Ten  years,  two  months 

Orbit 

Synchronous  equatorial 

Orbital  history 

2A:  launch  scheduled  December  1991  or  early  1992 
2B:  launch  scheduled  spring  1992 
Ariane  launch  vehicle 

Management 

Developed  for  France  Telecom  (French  Ministry  of  Post.  Tele¬ 
communications  and  Space)  and  Delegation  Generale  pour 
1'Armement  (DGA,  French  Ministry  of  Defense)  by  Matra 
(spacecraft)  and  Alcatel  Espace  (payload) 

Operated  by  France  Telecom  and  DGA 
****** 

1 .  P.  Ramat.  et  al..  "The  Second  Generation  of  Digital  Networks 
in  the  French  Domestic  Satellite  System."  Sth  International 
Conference  on  Digital  Satellite  Communications  (April 
1989). 
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September  1992.  It  is  planned  that  the  first  satellite  be  in  < 
July  1992  and  fully  operational  by  August.  The  schedu 
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sions  from  the  international  exhibition  to  be  held  in  Se 
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commemorate  the  500th  anniversary  of  Columbus'  discovery  of 
the  Americas.  This  exhibition  ends  in  October  1992.  Further¬ 
more.  the  1992  summer  Olympic  Games  will  be  held  in  Spain  in 
July.  If  available.  Hispasat  will  be  used  for  transmission  from 
these  games,  but  capacity  on  Intelsat  and  Eutelsat  satellites  w  ill 
be  reserved  as  the  primary  transmission  paths. 
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The  satellite  is  a  three-axis- stabilized 
design,  wiih  solar  arrays  extending  from 
a  central  body.  The  technology  for  the 
satellite  and  its  payloads  has  been  dem¬ 
onstrated  in  other  European  satellites. 

The  challenging  aspect  of  Hispasat  is  to 
integrate  the  payload  elements  neces¬ 
sary  to  accomplish  the  five  missions 
listed  in  the  lirst  paragraph.  The  large 
reflector  deployed  to  one  side  of  the  sat¬ 
ellite  body  is  for  television  broadcast¬ 
ing.  Antennas  no  larger  than  2- ft 
diameter  will  be  required  to  receive 
these  broadcasts  in  Spain  and  the  Ca¬ 
nary  Islands.  The  smaller  antennas  on 
the  satellite  body  are  for  the  television 
distribution,  communications,  and  mili¬ 
tary  communications  missions. 

The  television  distribution  and  com¬ 
munications  missions  also  are  for  Spain 
and  the  Canary  Islands.  They  will  use 
ground  antennas  with  diameters  be¬ 
tween  3  and  15  ft.  These  missions,  and 
the  television  broadcasting,  can  be  used 
in  other  parts  of  Europe  and  North  Afri¬ 
ca  with  larger  ground  antennas.  The 
military  mission  includes  a  global  cov¬ 
erage  antenna  on  the  satellite  and  a 
steerable  spot  beam.  This  mission  will 
support  both  land  and  naval  forces  in  Europe  and  North  Africa 
and  the  adjacent  ocean  areas. 

Approximately  one-third  of  the  satellite  hardware,  as  well  as  a 
majority  of  the  related  ground  equipment,  are  being  built  by 
Spanish  companies.  Preliminary  satellite  characteristics  are: 

Satellite 


Hispasat  satellite  details. 

TV-S:  in  the  band  10.7  to  1 1 .7  GHz 

Three  55-W  TWTAs  active,  two  spares 
ERP  per  transponder  52  dBW  over  Spain  and  the  Canary  Is¬ 
lands.  45  dBW  as  far  as  Southern  England.  France.  Italy,  and 
Morroco 

TV-A:  in  the  band  1 1.7  to  12.2  GHz 


Body  approximately  6  x  6  x  7  ft.  span  of  solar  array  69  ft 
Approximately  2300  lb  in  orbit,  beginning  of  life 
Sun-tracking  solar  arrays  and  NiH2  batteries,  approximately  3600 
W  beginning  of  life 

Three-axis-stabilized  using  momentum  wheels  and  magnetic 
torquer,  approximately  0.1 -deg  accuracy 

Unified  bipropellant  liquid  propulsion  for  apogee  maneuver  and 
on-orbit  use 

Configuration 

DB:  three  27-MHz  bandwidth  transponders  for  television  broad¬ 
casting  to  homes 

TV-S:  three  72-MHz  bandwidth  transponders  for  television  distri¬ 
bution  to  larger  antennas  in  Spain  and  the  Canary  Islands 
TV-A:  one  36-MHz  bandwidth  transponder  for  television  distri¬ 
bution  to  larger  antennas  in  the  Americas 
TC:  live  72-MHz  bandwidth  transponders  for  telecommunica¬ 
tions  in  Spain  and  the  Canary  Islands 

M:  one  40-MHz  bandwidth  transponder  for  military  telecommu¬ 
nications 

Transmitter 

DB:  in  the  band  12.1  to  12.5  C.Hz 

Three  1 1  -W  TWTAs  active,  two  spares 
ERP  per  transponder  58  dBW  over  Spain  and  the  Canary  Is¬ 
lands,  5 1  dBW  as  far  as  England.  Germany,  and  most  of  Italy 


One  1 10-W  TWTA  active,  one  spare 
ERP  42  to  48  dBW  over  Central  and  South  America  (except 
Brazil),  the  Caribbean,  and  the  eastern  time  zone  of  the  Unit¬ 
ed  States 

TC:  in  the  band  10.7  to  1 1 .7  GHz. 

Five  55-W  TWTAs  active,  two  spares 
ERP  per  transponder  52  dBW  over  Spain  and  the  Canary  Is¬ 
lands.  45  dBW  as  far  as  Southern  England.  France.  Italy,  and 
Morroco 

M:  in  the  band  7.25  to  7.75  GHz 

One  40-W  TWTA  active,  one  spare 

Receiver 

DB:  in  the  band  17.3  to  18.1  GHz 
G/T  1 2  dB/K 

TV  S:  in  the  band  14.0  to  14.5  GHz 
G/T  6  to  9  dB/K 

TV-A:  in  the  band  14.0  to  14.2  GHz 

TC:  in  the  band  14.0  to  14.5  C.Hz 
G/T  6  to  9  dB/K 

M:  in  the  band  7.9  to  8.4  GHz 

Antenna 

DB:  one  deployed  offset-fed  parabola 

TV-S:  one  offset-fed  parabola 
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TV-A:  one  offset-fed  parabola 
TC:  shared  with  TV-S 

M:  one  steerable  parabola  (spot  beam)  and  two  horns  (global 
beam  transmit  and  receive) 

Design  life 

Ten  years 

Orbit 

Synchronous  equatorial.  31°W  longitude,  stationkeeping  to 
±0. 1  °N-S  and  E-W 

Orbital  history 

1  A:  launch  planned  by  July  1992 


IB:  launch  planned  by  late  1992 
Ariane  launch  vehicle 

Management 

Developed  for  Hispasat  SA  by  Matra  with  British  Aerospace 
(spacecraft)  and  Marconi  (payload)  as  primary  subcontractors 
Operated  by  Hispasat  SA 
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TURKSAT 


In  the  fall  of  1990.  the  government  of  Turkey  announced  the 
award  of  a  contract  forTurksat.  This  satellite  will  serve  Turkey 
and  other  regions  in  Europe  which  have  Turkish  language  resi¬ 
dents.  The  contract  includes  two  satellites  launched  and  delivered 
in  orbit,  and  a  ground  control  center. 

The  satellite  will  have  sixteen  transponders;  the  desired  ERP  is 


52  dBW.  The  satellite  will  be  three-axis-stabilized  w  ith  deployed 
solar  arrays.  A  single  large  reflector  will  be  deployed  as  part  of 
the  antenna  that  forms  a  beam,  or  beams,  which  cover  the  desired 
service  area.  The  satellite  size  will  be  on  the  order  of  2400  lb  in 
orbit.  The  first  launch  is  planned  in  1993  on  an  Ariane:  more  like¬ 
ly.  it  will  occur  in  1994. 


EUROPEAN  SATELLITE  BROADCASTING 


High-power  broadcasting  from  satellites  exists  in  Europe  on 
the  German  TV-Sat.  French  TDF,  and  one  paylod  of  ESA's  Olym¬ 
pus.  The  British  satellite.  BSB.  is  in  orbit  but  unused.  Eutelsat's 
Eutelsat  I  satellites  and  Luxembourg's  Astra  I A  and  IB  are 
heavily  used  for  television  distribution  to  cable  systems.  Signals 
from  these  systems  also  are  received  on  individual  home  receiv¬ 
ers,  but  they  require  antennas  larger  than  the  less  than  2-ft  diame¬ 
ter  characteristic  of  high-power  broadcasting  systems. 

The  limit  on  the  high-power  systems  has  been  the  cost  of  the 
satellites  and  the  programming.  The  trend  in  Europe  is  in  the  di¬ 
rection  of  Eutelsat  and  Astra:  more  channels  per  satellite  and  Pan- 


European  coverage.  Consumers  apparently  prefer  the  quantity  of 
programming  on  these  systems  and  are  willing  to  buy  the  antenna 
sizes  required  to  receive  from  them.  Both  systems  are  introducing 
higher-power  satellites — the  Eutelsat  II  series  now  and  Astra  1C 
and  ID  in  a  few  years. 

Eutelsat  has  been  studying  satellites  optimized  for  European 
broadcasting.  In  1990.  the  Eutelsat  member  nations  agreed  in  a 
general  way  to  proceed  with  this  type  of  satellite,  usually  called 
Europesat.  Specific  requirements  for  Europesat  will  be  developed 
in  1991.  and  a  Eutelsat  request  for  proposals  could  be  issued  in 
1992.  If  so.  the  first  satellite  could  be  launehed  in  1997. 


ESA  DATA  RELAY  SATELLITE 


Since  1986.  ESA  has  been  conducting  studies  and  technology 
development  in  preparation  for  building  a  data  relay  system  1 1-51. 
The  central  part  of  this  system  will  be  two  data  relay  satellites  in 
synchronous  orbit.  Benefits  to  low-orbit  satellites  using  these  re¬ 
lays  are  a  result  of  the  nearly  continuous  contact  available  be¬ 
tween  the  low-orbit  satellites  and  their  control  centers.  These 
benefits  include  transfer  of  data  at  rates  too  high  for  on-board  re¬ 
cording.  scheduling  and  control  not  tied  to  infrequent  passes  over 
ground  stations,  and  satellite  simplification  since  less  autonomy 
is  required.  Candidate  users  of  this  data  relay  system  are  the  Eu¬ 
ropean  portion  of  an  international  space  station.  European  remote 
sensing  satellites,  and  launch  operations. 

Two  major  in-orbit  demonstrations  are  part  of  the  data  relay 
preparation  program.  The  first  is  a  relay  satellite  demonstration 
using  the  Olympus  satellite  and  a  low-orbit  satellite  called  Eureca 
(European  Retrieval  Carrier).  The  second  is  the  S-band  multiple- 


access  and  laser  communications  payloads  on  the  ESA  Artemis 
satellite,  which  was  described  in  the  section  on  experimental  sat¬ 
ellites. 

The  Eureca  demonstration  will  use  the  20/30-GHz  communi¬ 
cations  payload  on  Olympus.  This  payload  has  two  transponders, 
one  for  transmissions  from  Eureca  to  the  ground  and  one  for  the 
opposite  direction.  The  payload  also  has  two  antennas:  one  will 
be  pointed  at  the  ground  and  one  at  Eureca.  The  inter-orbit  com¬ 
munication  payload  on  Eureca  uses  a  21 -in.  antenna  and  a  10-W 
TWTA;  because  of  the  small  antenna,  the  maximum  transmission 
rate  is  2  Mbps.  The  rate  to  Eureca  will  be  2  kbps.  Eureca  is  sched¬ 
uled  to  be  launched  in  the  summer  of  1992  on  the  Shuttle  and  to 
be  retrieved  by  a  Shuttle  mission  six  to  twelve  months  later. 

The  data  relay  system  is  expected  to  use  both  S-band  and  Ka- 
band  (23-28  GHz)  for  links  between  the  relay  satellite  and  low- 
orbit  satellites.  The  S-band  will  have  multiple  access  capabilities 


239 


and  he  interoperable  with  the  NASATDRSS  S-band  multiple  ac¬ 
cess  service.  The  Ka-band  communications  will  have  characteris¬ 
tics  chosen  in  coordination  with  NASA,  for  interoperability  with 
Advanced  TDRSS.  and  with  Japan,  for  interoperability  with  their 
proposed  relay  satellite.  Inclusion  of  optical  communication  on 
the  relay  is  uncertain. 

In  June  1990.  ESA  approved  the  next  step  of  the  data  relay 
program.  If  it  proceeds  as  planned  and  the  satellite  development 
is  funded,  the  first  relay  satellite  could  be  launched  in  1906  or 
1997. 

*  #  *  *  *  * 
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DOMESTIC  AND  REGIONAL  SATELLITES 


Domestic  and  regional  satellites  are  now  described  for  all 
countries  except  Canada,  the  United  States,  and  Europe.  Asia. 
Africa,  Australia,  and  Central  and  South  America  are  all  repre¬ 
sented.  Only  India  and  China  have  developed  communication 
satellites  themselves,  and  these  have  been  rather  small.  Japan 
launched  a  domestically  developed  experimental  communication 
satellite.  ETS-V,  in  1987.  Japan  and  India  have  both  purchased 
their  primary  satellites  from  the  United  States,  although  both  are 
working  also  to  develop  their  internal  capabilities.  The  other 
countries  have  purchased  their  satellites  from  United  States,  Ca¬ 
nadian,  and  European  manufacturers. 

A  common  purpose,  for  the  satellites  described  here,  is  to 
overcome  natural  barriers  to  communications,  e.g..  deserts, 
mountains,  dense  forests,  and  oceans.  The  benefits  of  the  satellite 


systems  include  much  lower  cost  than  terrestrial  alternatives  and 
the  ability  to  provide  nationwide  communications.  Many  coun¬ 
tries  have  coupled  the  satellite  purchase  with  interna!  technologi¬ 
cal  development.  Examples  are  building  earth  terminals  and 
receiving  training  in  satellite  operation  and  earth  terminal  mainte¬ 
nance.  Of  the  satellites  discussed  here,  only  Arabsat  is  a  regional 
satellite — a  single  system  providing  communications  among 
many  nations  with  a  common  interest.  The  others  are  all  domestic 
satellites,  although  Indonesia  leases  some  transponders  to  neigh¬ 
boring  countries  for  their  domestic  use.  Many  other  nations  lease 
satellite  capacity  from  Intelsat  either  because  their  needs  are  too 
small  to  justify  a  whole  satellite,  or  as  an  initial  step  to  their  own 
satellite  system.  The  Intelsat  leases  were  described  earlier. 


JAPAN  (Government  Programs) 


In  Japan,  the  National  Space  Development  Agency  (NASDA) 
has  the  responsibility  for  launch  vehicle  and  applications  satellite 
developments  1 1-6|.  Although  the  applications  programs  are  var¬ 
ied,  the  major  emphasis  has  been  on  communications.  The  specif¬ 
ic  programs  are  the  Communication  Satellites,  the  Broadcasting 
Satellites,  and  the  experimental  satellites  (described  earlier).  At 
the  beginning  of  1985.  a  change  of  government  policy  permitted 
private  communication  systems  to  operate  in  Japan.  These  sys¬ 
tems  are  described  in  the  next  section. 

The  emphasis  on  spac  ?  communications  is  a  result  of  the 
crowding  of  extensive  existing  communications  facilities  in  ur¬ 
ban  areas  and  the  difficult  geographic  problems  (islands  and 
mountains)  of  the  nonurban  areas  of  the  country.  Considerable 
terrestrial  use  of  the  lower  microwave  frequencies  has  led  to  ex¬ 
tensive  efforts  to  investigate  higher  frequencies.  Consequently, 
most  of  the  communications  equipment  in  these  programs  oper¬ 
ates  at  frequencies  between  10  and  35  GHz. 

NASDA's  satellite  communications  development  effort  is  de¬ 
signed  to  make  economic  use  of  available  foreign  technology 
while  developing  internal  technical  capabilities.  Thus  far,  all  sat¬ 
ellites  have  been  built  by  United  States  companies  under  contract 
to  Japanese  companies,  but  all  ground  terminals  have  been  devel¬ 
oped  in  Japan.  The  percentage  of  Japanese-built  equipment  in  the 
satellite  is  increasing,  particularly  in  the  communication  sub¬ 
systems. 
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Communications  Satellites  (CS,  CS2,  CS3) 


The  objectives  of  the  Communications  Satellite  program 
1 1  -29 1  are  to 

•  Provide,  in  combination  with  terrestrial  facilities,  high-ca- 
pacity  links  between  urban  centers. 

•  Provide  new  and/or  improved  services  to  small  islands  locat¬ 
ed  away  from  the  primary  islands  of  Japan. 

•  Be  available  as  an  alternate  transmission  path  for  any  terres¬ 
trial  facilities  damaged  by  natural  disasters. 


The  program  uses  two  frequency  bands.  4/6  GHz  and  20/30 
GHz.  The  latter  band  supports  the  first  objective;  the  former  sup¬ 
ports  the  second.  Both  bands  are  available  for  emergency  use. 
The  program  includes  three  generations  of  satellites.  CS  and  CS2. 
and  a  third.  CS3,  in  use. 

The  first  phase  of  the  program  w  as  based  on  the  Medium  Ca¬ 
pacity  Communications  Satellite  for  Experimental  Purpose,  com¬ 
monly  called  the  CS.  The  CS.  launched  in  1977.  was  used  for  a 
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variety  of  tests  and  preoperational  system  demonstrations.  Activi- 
ties  included  transponder  characterization,  tests  of  several  trans- 


ehameally  despun.  and  the  antenna  beam  was  refleeted  toward  the 
earth  by  a  reflector  oriented  45  deg  from  the  spin  axis.  The  reflec¬ 
tor  was  not  exactly  flat  hut  was  contoured  to  shape  the  K-band 
(20/30-GH/)  beam  to  match  the  geography  of  the  main  Japanese 
islands.  The  4/6-GH/  beams  used  the  same  antenna  but  were  cir¬ 
cular  and  w  ere  of  a  si/e  that  covered  all  islands  to  be  serv  ed  b\ 
GS. 

The  CS2  satellites  were  developed  to  follow  the  C' S  satellite  in 
support  of  operational  communications  links.  The  new  er  satellites 
were  almost  identical  to  the  GS.  The  GS2  communication  sub¬ 
system.  like  the  GS.  had  two  4/ft-GH/  channels  and  six  20/30- 
GH/  channels.  The  bandwidths  had  been  reduced  but  were  still 
more  than  adequate  for  the  chosen  data  rates.  The  communication 
subsystem  configuration  has  been  modified,  primarily  to  improve 
reliability.  Also,  improvements  in  microwave  electronics  since 
theGS  was  built  resulted  in  some  satellite  performance  increases. 

GS2A  was  launched  early  in  1983  and  was  named  Saktim. 
GS2B  was  launched  later  in  1983.  The  4/b-GH/  channels  were 
used  with  a  109-Mbpx  QPSK  TDMA  network  to  transmit  tele¬ 
phone  and  television  between  Tokyo  and  remote  islands  such  as 
Okinawa.  The  20/30-GH/  channels  were  used  w  ith  a  65- Mbps 
BPSK  TDMA  network  for  telephone  transmissions  between  eight 
major  cities.  Fixed  terminals  for  these  links  had  38-ft  antennas. 
Transportable  terminals  for  each  frequency  band,  w  ith  about  10- 
ft-diameter  antennas,  provided  FDMA  links.  All  of  these  links 
were  for  public  or  governmental  communications.  Nippon  Tele¬ 
phone  and  Telegraph  (NTT),  which  prov  ides  all  public  communi- 


mission  and  multiple  access  techniques, 
gaining  satellite  control  experience,  and 
propagation  measurements.  After 
launch,  the  GS  was  renamed  Stikitra. 
which  translates  to  Cherry  Blossom. 
(The  Japanese  typically  name  satellites, 
which  successfully  reach  orbit,  after 
flowers.) 

The  satellite  was  spin-stabili/ed  with 
a  despun  antenna,  very  similar  to  the 
NATO  III  satellite.  The  solar  array  was 
identical,  and  many  support  subsystems 
were  derived  from  NATO  III  sub¬ 
systems.  The  communication  subsystem 
and  antenna  were  new  designs.  This  sat¬ 
ellite  had  eight  channels,  each  with  a 
200-MU/  bandwidth.  Two  channels 
were  in  the  4-  and  6-GH/  band  used  by 
many  commercial  satellites.  The  other 
six  channels  were  in  the  17.7-  to  21.2- 
GH/  and  27.5-  to  31-GH/  hands.  T  his 
was  the  first  use  of  these  frequencies  for 
standard  communication  links,  although 
other  satellites  had  equipment  for  special 
transmissions  for  propagation  measure¬ 
ments  at  these  frequencies.  They  were 
selected,  because  the  allocand  bands  at 
lower  frequencies  ti  e..  4  to  6  (ill/  and 
II  '  14  (ill/)  were  already  heavily  used 

in  Japan  for  terrestrial  services,  and  the 
resulting  interference  to  satellite  links 
would  overly  constrain  earth  terminal  lo¬ 
cutions.  The  satellite  antenna  was  a 
despun  horn  whose  axis  was  coincident 
with  the  satellite  spin  axis  It  was  me 
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cations,  used  both  C-band  and  four  K-band  channels.  Various 
government  agencies  and  public  utilities  used  the  other  two  K- 
band  channels.  Business  communications,  like  those  available  on 
the  many  United  States  domestic  satellites,  were  not  planned  until 
introduction  of  the  CS3  satellites  at  the  end  of  the  1980s.  Only 
2<  c  of  one  K-band  channel  was  allocated  for  testing  business 
communications.  This  was  a  disappointment  to  many  businesses 
that  desired  such  a  service. 

The  CS3  satellites  were  developed  to  continue  the  communi¬ 
cation  services  started  with  the  CS2  satellites.  CS3  provides  im¬ 
proved  capacity,  due  both  to  more  transponders  and  higher 
performance  in  each,  and  greater  reliability.  The  external  appear¬ 
ance  of  these  satellites  is  the  same  as  for  CS  and  CS2.  The  one 
major  construction  difference  is  that  CS3  has  two  internal  equip¬ 
ment  shelves.  The  lower  is  for  mounting  support  equipment,  the 
upper  for  (he  communication  subsystem.  The  other  major  change 
on  C'S3  is  the  use  of  GaAs  solar  cells  rather  than  silicon  cells. 
This  is  the  first  use  of  GaAs  cells  on  any  communication  satellite. 
Their  benefits,  relative  to  silicon,  are  50G  greater  efficiency  at 
end  of  life  plus  lower  sensitivity  to  operating  temperature  and  ra¬ 
diation  effects.  The  increased  power  permits  operation  of  more 
transponders.  Also,  larger  batteries  permit  the  use  of  all  transpon¬ 
ders  in  eclipse  rather  than  only  two  on  CS2.  The  CS-3  communi¬ 
cation  subsystem  has  two  C-band  and  ten  K-band  channels.  The 
C-band  section  has  the  same  configuration  as  CS2.  but  lield  effect 
transistor  amplifiers  have  replaced  the  TWTAs.  The  K-band  sec¬ 
tion  has  several  changes: 


•  There  are  more  channels,  each  with  a  smaller  bandwidth,  vet 
still  more  than  sufficient  for  the  65 -Mbps  transmission  used 
with  CS2. 

•  Newly  developed  GaAs  FET  preamplifiers  at  the  uplink  fre¬ 
quency  prov  ide  amplification  before 
frequency  conversion.  This  permits 
a  change  from  double-  to  single¬ 
conversion  transponders,  w  ith  an  at- 
tendant  weight  savings  and  im¬ 
proved  performance. 

•  Transmitter  redundancy  has  been 
added. 

The  two  CS3  satellites  were  launched 
in  1988.  They  were  among  the  first  satel¬ 
lites  launched  by  the  Japanese  H-l.  The 
applications,  transmission  formats,  and 
ground  stations  used  with  CS2  continued 
with  CS3.  These  new  satellites  still  were 
not  directed  towards  business  communi¬ 
cations.  hut  business  users  were  able  to 
look  toward  the  new  priv  ate  communica¬ 
tion  satellite  systems  about  to  be 
launched  (described  in  a  later  section). 
The  ('S3  continued  to  be  primarily  for 
government  and  public  communications. 

Studies  of  a  CS4  series  began  prior  to 
the  ('S3  launches.  How  ev  er,  as  part  of  the 
United  States-Japan  trade  negotiations, 
the  United  States  argued  that  CS4  was  an 
operational  satellite,  not  an  experimental 
one.  and  hence  should  be  procured  by 
open  competition.  The  Japanese  reluc¬ 
tantly  agreed,  and  direct  plans  for  CS4 
were  dropped.  Nevertheless,  the  govern¬ 
ment  will  require  some  new  satellite  ca¬ 
pacity  in  1995  to  replace  the  ('S3 
satellites.  To  fulfill  this  need,  in  summer 
1 99 1  NTT  requested  proposals  for  a  new 
series  of  satellites.  These  satellites  will 
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have  transponders  using  both  C-band  and  K-band,  perhaps  with 
an  additional  S-band  payload  for  service  to  mobile  users.  Two 
launches  are  planned  in  1995. 

Details  of  the  CS,  CS2,  and  CS3  satellites  are  as  follows: 

Satellite 

Cylinder,  86-in.  dia.,  88-in.  (CS)/8 1  -in.  (CS2)/92-in.  (CS3) 
height,  overall  height,  139  in.  (CS)/130  in.  (CS2)/1 39  in.  (CS3) 
Approximately  750  lb  (CS)/770  lb  (CS2)/1210  lb  (CS3)  in  orbit, 
beginning  of  life 

Solar  cells  and  NiCd  batteries,  529  W  (CS)/540  W  (CS2)  at  be¬ 
ginning  of  life,  422-W  minimum  after  three  years  (CS),  409-W 
minimum  after  five  years  (CS2),  840-W  minimum  after  seven 
years  (CS3) 

Spin-stabilized,  approximately  90  rpm,  ±0.3/±0.2-deg  antenna 
pointing  accuracy  (CS,  CS2/CS3) 

Solid  rocket  motor  for  apogee  maneuver,  hydrazine  propulsion 
for  on-orbit  use 

Configuration 

C-band:  two  200-MHz  (CS)/180-MHz  (CS2.  CS3)  bandwidth 
single-conversion  repeaters 

K-band:  six  200-MHz  (CS)/l30-MHz  (CS2)  bandwidth  double¬ 
conversion  repeaters,  ten  100-MHz  bandwidth  single-conversion 
repeaters  (CS3) 

Capacity 

C:  672  two-way  voice  circuits,  or  432  voice  circuits  plus  one  TV 
program,  or  192  voice  circuits  plus  two  TV  programs  per  repeater 
(CS2.CS3) 

K:  1920  two-way  voice  circuits  per  repeater  (CS2,  CS3) 

Transmitter 

C:  3820  and  4080  MHz 

6-W  TWT  (CS.  CS2)/7-W  FET  (CS3)  per  repeater,  one  spare 
(CS2.CS3) 

29.5  dBW  (CS,  CS21/31  dBW  (CS3)  minimum  ERP  per  re¬ 
peater 

K:  17.7-  to  21.2-GHz  band  (see  communication  subsystem  fig¬ 
ures  for  specific  frequencies) 

5-W  (CS.  CS2)/1()-W  (CS3)  TWT  per  repeater,  five  spares 
(CS3) 

37  dBW  (CS.  CS2I/38.7  dBW  (CS3)  (main  islands).  33.4 
dBW  (CS3)  (Okinawa)  minimum  ERP  per  repeater 

Receiver 

C:  6045  and  6305  MHz 

Active  plus  spare  receiver 

Noise  figure  9  dB  (CSj/4  dB  (CS2)/3.5  dB  (CS3) 

G/T  -8  dB/K  (CS).  -6  dB/K  (CS2),  -4  dB/K  (CS3) 

K:  27.5-  to  31.0-GHz  band  (see  communication  subsystem  fig¬ 
ures  for  specific  frequencies) 

Two  active  plus  two  spare  receivers 

Noise  figure  13  dB  <CS)/8  dB  <CS2)/5  dB  (CS3) 

G/T  -4.4  dB/K  (CS).  -3.8  dB/K  (CS2),  -0.7  dB/K  (CS3) 
(main  islands).  -6.7  dB/K  (C'S3)  (Okinawa) 

Antenna 

Despun  horn  and  45-deg  contoured  reflector,  37-in  dia.  aperture, 
circular  polarization 

C:  25-dB  minimum  gain  (main  and  outlying  islands) 


K:  33-dB  minimum  gain  (main  islands  only)  (CS,  CS2,  CS3), 
27-dB  gain  (Okinawa)  (CS3) 

Design  life 

Three  years  (CS)/five  years  (CS2)/seven  years  (CS3) 

Orbit 

Synchronous  equatorial,  ±0.1°  (CS,  CS2)/±0.05°  (CS3)  E-W  and 
N-S  stationkeeping 

Orbital  history 

CS:  launched  15  December  1977,  turned  off  and  moved  above 
synchronous  orbit  after  CS2  launches 
Delta  2914  launch  vehicle 

CS2A:  launched  4  February  1983,  turned  off  and  moved  above 
synchronous  orbit  after  CS3  launches 

CS2B:  launched  5  August  1983,  turned  off  and  moved  above  syn¬ 
chronous  orbit  after  CS3  launches 
Japanese  N-2  launch  vehicle 
CS3A:  launched  19  February  1988,  132°E  longitude 
CS3B:  launched  16  September  1988,  136°E  longitude 
Japanese  H-l  launch  vehicle 

Management 

Developed  by  Ford  Aerospace  and  Communications  Corporation 
under  contract  to  Mitsubishi  (Nippon  Electric  developed  part  of 
the  CS  communication  subsystem  and  all  of  the  CS2  and  CS3 
communication  subsystems)  for  National  Space  Development 
Agency  (NASD A)  of  Japan 

Operated  by  NASDA  (CS)/Telecommunication  Satellite  Corpo¬ 
ration  of  Japan(CS2,  CS3) 
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Broadcasting  Satellites  (BSE,  BS2,  BS3) 


In  Japan,  satellite  television  broadcasting  1 1  - 34 1  is  used  to: 

•  Extend  current  broadcasting  to  outlying  areas  and  house¬ 
holds  on  the  main  islands  that  have  poor  reception  or  none. 

•  Provide  new  broadcasting  services. 

•  Promote  technological  developments. 

•  Provide  an  alternative  to  terrestrial  equipment,  which  may 
be  damaged  by  natural  disasters. 

The  first  satellite  in  the  program  was  the  Medium  Scale  Broad¬ 
casting  Satellite  for  Experimental  Purpose  (BSE  or  BS).  It  was 
named  Yuri  il.Hy )  after  launch.  This  satellite  was  used  for  many 
technical  measurements:  operational  testing,  especially  with 
transportable  terminals;  and  gaining  experience  in  the  control  of  a 
thrce-axis-xlahilized  satellite.  The  operational  phase  of  the  pro¬ 
gram  uses  the  BS2  satellites,  followed  by  the  BS3  satellites. 

The  BSE  and  BS2  satellites  are  very  similar  in  design.  Both 
arc  three-axis-stabilized  with  deployed  solar  arrays.  All  equip¬ 
ment  is  contained  within  or  on  the  sides  of  the  rectangular  body. 


The  single  large  antenna  is  lived  to  the  satellite.  The  BS2  has  im¬ 
provements  intended  to  increase  its  life  to  live  years,  compared  to 
three  years  for  BSE.  Also,  the  BS2  satellites  used  a  Japanese 
launch  vehicle  rather  than  the  United  States  vehicle  used  for  the 
BSE. 

The  communication  subsystem  is  relatively  simple  and  sup¬ 
ports  only  two  channels.  The  antenna  pattern  is  shaped  to  provide 
coverage  of  both  the  main  and  outlying  islands  of  Japan.  There 
are  two  categories  of  difference  between  the  BSE  and  BS2.  One 
is  adjustments  in  the  frequencies,  polarization,  and  some  other 
parameters  to  conform  to  the  decisions  of  the  1977  ITU  space 
broadcasting  conference.  The  other  is  changes  as  the  result  of  im¬ 
provements  in  electronics:  these  are  noted  on  the  figure.  The  fol¬ 
lowing  details  apply  to  both  satellites: 

Satellite 

Rectangular  body,  approximately  4  ft  square,  depth  approximate¬ 
ly  3  ft.  overall  depth  (body,  apogee  motor  nozzle,  and 


antenna)  10  ft  ( BSE)/9 'A  ft  (BS2).  overall  span  29  ft  4  in.  (BSE)/ 
29  ft  2  in.  (BS2) 


780  lb  in  orbit,  beginning  of  life 

Sun-tracking  solar  array  and  NiCd  batteries.  1000-W  minimum  at 
beginning  of  life  (BSE).  780-W  minimum  after  three  years 
(BSE).  900-W  minimum  after  five  years  (BS2) 

Three-axis  stabilization.  ±0.2-deg  (BSE)/±0. 1-deg  (BS2)  point¬ 
ing  accuracy  (3o) 

Solid  rocket  motor  for  apogee  maneuver,  monopropellant  hydra¬ 
zine  for  on-orbit  use 


Receiver 

14.25  to  14.30  GHz  and  14.35  to  14.43  GHz  (BSE) 

14.206to  14.233  GHz  and  14.283  to  14.310  GHz  (BS2) 

Two  receivers  (one  on.  one  standby) 

<8.5-dB  (BSE)/<7.5-dB  (BS2)  noise  figure 

Antenna 

Single  parabolic  reflector.  3.4  x  5.2  ft.  1.4-  x  2-deg  beamwidth  (at 
-4  dB),40.3-dB  peak  transmit  gain,  center-fed  (BSE)/offset-fed 
(BS2):  three  feeds  are  used  together  to  shape  the  beam  (779f  of 
the  power  goes  through  the  main  feed):  linear  (BSE)/circular 
(BS2)  polarization 


Configuration 

Two  single-conversion  channels.  50-  and  80-MHz  (BSE)/27- 
MHz  (BS2)  bandwidth 

Capacity 

One  TV  signal  per  channel 

Transmitter 

11.95  to  12.00  GHz  and  12.05  to  12.13  GHz  (BSE) 

11.906  to  11.933  GHz  and  11.983  to  12.010  GHz.  (BS2).  ITU  tele¬ 
vision  broadcasting  channels  1 1  and  15 
Three  transmitters  (two  on,  one  standby) 

100-W  output  per  channel 

ERP  per  channel:  55-dBW  minimum  for  primary  area.  46-dBW 
minimum  for  fringe  areas 


Design  life 

Three  years  (BSE)/five  years  (BS2) 

Orbit 

Synchronous  equatorial.  ±0. 1°E-W  and  N-S  stationkeeping 

Orbital  history 

BSE:  launched  7  April  1978.  operations  ceased  June  1980  due  to 
TWT  failures,  satellite  life  ended  January  1982 
Delta  2914  launch  vehicle 

BS2A:  launched  23  January  1984,  early  failures  reduced  status  to 
experimental,  moved  above  synchronous  orbit.  April  1989 
BS2B:  launched  12  February  1986.  1 10°E  longitude,  backup  sat¬ 
ellite  since  beginning  of  BS3A  use 
Japanese  N-2  launch  vehicle 


247 


BS2X  satellite. 


Management 

Developed  by  General  Electric  under  contract  to  Tokyo 
Shibaura  (Toshiba)  for  National  Space  Devel¬ 
opment  Agency  (NASDA)  of  Japan 
Operated  by  NASDA  (BSE)/Telecommuni- 
cations  Satellite  Corporation  of  Japan  (TSCJ) 


(BS2) 

The  BSE  was  launched  in  April  1978.  Television  broadcasting 
ceased  in  June  1980  with  the  failure  of  the  last  TWTA.  Activities 
involving  the  satellite,  that  did  not  depend  on  the  TWTAs,  contin¬ 
ued  until  January  1982,  when  the  attitude  control  fuel  was  ex¬ 
hausted. 

BS2A  was  launched  early  in  1984.  Within  three  months,  two 
of  the  three  TWTAs  had  failed,  reducing  the  satellite  capacity  to 
one  channel.  This  upset  the  plans  for  operational  broadcasting 
and  caused  a  reassessment  of  Japanese  practices  in  buying  satel¬ 
lites.  Considerable  effort  was  devoted  to  identifying  the  problem 
and  correcting  it  on  BS2B.  In  1985,  BS2A  had  problems  with  at¬ 
titude  control  and  power  and  its  status  was  reduced  to  experimen¬ 
tal.  The  BS2B  was  launched  in  February  1986,  a  year  later  than 
planned  because  of  the  BS2A  problems.  In  early  summer,  it  expe¬ 
rienced  an  attitude  control  problem,  which  was  fixed  by  switching 
to  the  redundant  controller. 

Transmissions  to  the  BSE  and  BS2s  originate  from  either  a 
fixed  main  terminal  near  Tokyo  or  transportable  terminals.  The 
former  has  a  26-ft  antenna;  the  latter  have  8-ft  antennas  for  use  in 
the  main  islands  and  15-ft  antennas  for  the  remote  islands.  Home 
receiving  antennas  are  as  small  as  2  ft  in  the  main  islands,  and  up 
to  8  ft  in  the  remote  islands. 

In  December  1986.  two-channel  operational  broadcasting  be¬ 
gan.  About  1 00.000  homes  were  equipped  to  receive  the  broad¬ 
casts.  Twenty-four-hour  broadcasting  began  in  July  1987.  By  the 
beginning  of  1989.  1.3  million  homes  were  equipped  to  receive 
the  broadcasts;  a  year  later,  the  number  was  over  2  million.  To  re¬ 
liably  support  this  service.  NHK.  the  national  broadcasting  com¬ 
pany,  required  a  backup  satellite  in  orbit.  Since  BS2A  had  only 
one  functioning  TWTA.  it  was  not  an  adequate  backup,  so  NHK 
ordered  an  interim  satellite,  which  was  designated  BS2X.  This 
satellite  was  intended  to  guarantee  operations  until  the  next  regu¬ 
lar  generation.  BS3A  and  BS3B.  were  available. 

BS2X  was  originally  built  for  the  United  States  television 
broadcasting  system  of  Satellite  Television  Corporation.  When 
those  plans  were  cancelled,  the  satellite  became  available  for  pur¬ 
chase.  After  the  NHK  purchase,  the  satellite  required  a  different 
receiver,  copied  from  other  satellites,  retuning  of  transmitter  com¬ 
ponents.  and  changes  in  the  antenna  beam-forming  network.  De¬ 
tails  of  BS2X  are; 

Satellite 

Rectangular  body.  52  x  80  x  44  in.,  span  of  solar  array  55  ft 


Approximately  1400  lb  in  orbit,  beginning  of  life 
Sun-tracking  solar  arrays  and  NiCd  batteries,  approximately 
2500  W  at  beginning  of  life,  approximately  2000  W  at  end  of  life; 
batteries  support  only  housekeeping  functions  during  eclipse 
Three-axis  stabilization.  ±0.1 -deg  accuracy,  using  a  pivoted  mo¬ 
mentum  wheel  and  magnetic  torquers 

Solid  rocket  motor  for  apogee  maneuver,  hydrazine  propellant  for 
on-orbit  use 

Configuration 

Three  27-MHz  bandwidth  single-conversion  transponders 

Transmitter 

In  the  1 1.71- to  12.01 -GHz.  band 

One  active  plus  one  spare  TWTA  per  transponder.  230  W  at  be¬ 
ginning  of  life.  200  W  at  end  of  life 

Receiver 

In  the  14.01-  to  14.31-GHz  band 
One  active  plus  two  spare  receivers 

Antenna 

One  85-in. -dia.  parabolic  reflector,  multihorn  feed  to  produce 
beam  shaped  to  cover  Japan,  circular  polarization 

Design  life 

Seven  years 

Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0. 1°N-S  and  E-W 

Orbital  history 

Destroyed  by  launch  vehicle  explosion  during  ascent.  22  Feb¬ 
ruary  1990 

Ariane  launch  vehicle 

Management 

Developed  for  NHK  by  GE  Astro  Space 

The  destruction  of  BS2X  forced  NHK  to  depend  on  BS2B 
alone,  since  BS2A  had  reached  the  end  of  its  useful  life  by  early 
1989.  The  next  step  was  to  wait  for  the  two  BS3  satellites.  A  con¬ 
tract  for  their  development  was  awarded  in  fall  1985.  The  BS3 
supports  broadcasting  of  three  channels  and  has  a  separate  chan¬ 
nel  for  experimental  broadcasting  of  high-quality  television.  The 
satellite  life,  transmitter  power,  and  some  other  performance 
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characteristics  are  improved  from  the  BS2  design.  The  satellite 
and  broadcasting  characteristics  are: 

Satellite 

Rectangular  body.  4.5  x  5.8  x  5.6  ft.  height  including  antennas 
10.5  ft.  span  of  solar  arrays  approximately  49  ft 
Approximately  1300  lb  in  orbit,  beginning  of  life 
Sun-tracking  solar  array  and  NiCd  batteries,  approximately 
1950  W  at  beginning  of  life,  batteries  support  only  housekeeping 
functions  during  eclipse 

Three-axis-stabilized.  using  a  pivoted  momentum  wheel  and 
magnetic  torquers.  antenna  pointing  accuracy  ±0. 1  deg 
Solid  rocket  motor  for  apogee  maneuver,  monopropellant  hydra¬ 
zine  for  on-orbit  use 


Three  27-MHz  bandw  idth  plus  over  60-MHz  bandw  idth  single¬ 
conversion  transponders 

Transmitter 

In  the  11.75-  to  12.01-GH/  band  (27-MHz  transponders),  and 
12.61  to  12.67  GHz 

One  active  plus  one  spare  120-W  TWTA  for  each  27-MHz  tran¬ 
sponder.  one  20-W  TWTA  for  the  60-MHz  transponder 
ERP55.5  dBW  over  Japanese  main  islands.  46.5  dBW  minimum 
over  outlying  islands 

Receiver 

In  the  14.05-  to  14.31-GHz  band  (27-MHz  transponders)  and 

14.34  m  14.4  GHz 

One  active  and  one  spare  receiver 

Antenna 

One  offset-fed  parabolic  reflector  31  \  67  in.,  two  feed  horns, 
right-hand  circular  polarization 


T>*)T  >+HH 


2.3  GHz  H 


2.3  GHz 


BSBA.  JB  communication  subsystem. 


t>-Ht 


1.73  GHz 


Design  life 

Seven  years 

Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0. 1°N-S  and  E-W 

Orbital  history 

BS3A  launched  28  August  1990,  in  use.  I  I0°E  longitude 
BS3B  launched  25  August  1991 
Japanese  H- 1  launch  vehicle 

Management 

Developed  for  NASDA.  acting  for  TCSJ  and  NHK.  by  NEC 
(communications  payload  and  command  and  telemetry)  and  GE 
Astro  Spaee  (spacecraft) 

Operated  by  TCSJ 

The  BS3A  was  launched  in  August  1990  and  placed  into  syn¬ 
chronous  orbit  two  days  after  launch.  Initial  tests  revealed  that  the 
solar  arrays  were  producing  only  75%  of  their  expected  output 
power.  This  failure  will  allow  operation  of  three  broadcasting 
transponders  in  parts  of  the  early  years  of  life,  but  only  two  in  lat¬ 
er  years  as  the  solar  array  output  drops.  Therefore.  BS3A  will  be 
assigned  a  backup  role  after  November  1991,  when  BS3B  com¬ 
pletes  checkout  and  begins  operations. 

Because  of  the  continuing  satellite  problems,  in  1990  the  Japa¬ 
nese  ordered  another  satellite.  BS3H.  This  satellite  was  a  copy  of 
BS2X  and  was  the  second  of  two  satellites  built  for  Satellite  Tele¬ 
vision  Corporation  but  nevei  used.  It  had  the  same  communica¬ 
tion  subsystem  modifications  as  BS2X.  The  BS3H  was  destroyed 
by  an  Atlas  launch  vehicle  malfunction  during  ascent  on  18  April 
1991.  This  loss,  coupled  with  fui  tiler  reduction  of  the  solar  array- 
power  on  BS3  A.  will  allow  the  transmission  of  only  tw  o  channels 
until  BS3B  has  passed  through  initial  on-orbit  (or  "in-orbit") 
testing. 
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JAPAN  (Private  Programs) 


From  its  beginning,  the  space  industry  in  Japan  has  been  pro¬ 
tected  by  government  policy.  This  policy  called  for  maximum  de¬ 
velopment  of  Japanese  industry  and  technology  and  maximum 
practical  use  of  it  in  all  launch  vehicles  and  satellites.  The  entire 
space  program  was  government-sponsored.  Likewise,  the  tele¬ 
communication  industry  was  protected,  and  all  communications 
were  provided  by  the  government-owned  Nippon  Telephone  and 
Telegraph  (NTT). 

By  1982.  criticism  of  these  policies  emerged,  primarily  from 
Japanese  businesses  desiring  new  communication  services.  These 
services  were  not  to  be  available  on  the  CS2  satellites,  and  the  us¬ 
ers  did  not  want  to  wait  for  the  CS3  satellites.  The  years  1982  to 
1984  were  a  period  of  debate  in  Japan,  both  in  government  and 
industry,  betw  een  those  w  ho  favored  development  of  new  servic¬ 
es  and  those  who  favored  a  protected  industry.  There  was  also 
United  States  pressure  for  Japan  to  open  their  communications 
market  to  foreign  suppliers,  which  would  help  to  ease  the  balance 
of  payments  problem. 

At  the  end  of  1984.  Japan  enacted  legislation  containing  major 
policy  changes  j  1 1.  These  changes  became  effective  in  April 
1985.  They  included  ending  NTT's  monopoly  on  providing  com¬ 
munications.  selling  5()f/f  of  NTT  to  private  investors  in  five 
years,  permitting  private  firms  to  purchase  and  operate  foreign 
satellites,  and  permitting  up  to  one-third  foreign  ownership  in 
companies  providing  domestic  communications  services.  As  a  re¬ 
sult  of  this  legislation,  three  partnerships  were  formed  to  develop 


and  operate  communications  satellites,  primarily  to  provide  busi¬ 
ness  communications  and  television  broadcasting: 

•  Japan  Communications  Satellite.  Inc.,  composed  of  C.  Itoh. 
Mitsui,  and  Hughes  Communications. 

•  Space  Communications  Corporation,  composed  of  Mitsub¬ 
ishi  Electric.  Mitsubishi  Trading,  and  Ford  Aerospace. 

•  Satellite  Japan  Corporation,  composed  of  Sony.  Nissho- 
Iwai.  Marubeni  Trading,  and  RCA  Astro  Electronics. 

The  first  two  partnerships.  JCSat  and  SCC.  filed  satellite  appli¬ 
cations  with  the  government  in  early  1985.  Both  were  approved 
in  June  1985.  The  approvals  included  authorization  to  use  the  12/ 
14-GHz  bands  previously  used  in  Japan  only  for  terrestrial  com¬ 
munications.  The  third  partnership  filed  an  application  in  mid- 
1985.  This  application  was  not  approved  by  the  government  then, 
but  a  new  application  was  approved  in  1991.  The  first  two  sys¬ 
tems  have  developed  and  launched  satellites:  the  third  hopes  to 
launch  a  satellite  by  199  '. 

I.  Aviation  Week  &  Space  Technology  (25  June  1984).  p.  190; 
(7  January  1985).  p.  2ft;  (II  March  1985).  p.  57;  (15  April 
1985).  p.  22;  (19  August  1985).  p.  14:  (I  July  1985).  p.  I  ft:  (15 
July  1985).  p.  22:  ( 19  August  1985).  p.  13:  ( 13  January  198ft). 
p.  134:  (3  Februarv  1986).  pp.  42.  59;  (28  April  198ft).  p.  133: 
(12  May  198ft).  p.' 31). 


JCSat 


Japan  Communications  Satellite  (JCSat)  [  1  -5 1.  was  the  first  of 
the  two  private  systems  to  begin  operating.  It  has  two  satellites  in 
orbit,  which  were  developed  by  the  United  States  partner  in 
JCSat.  JCSat  is  operating  as  a  wholesaler  of  communication  ser¬ 
vices.  leasing  satellite  capacity  to  other  organizations  in  Japan. 

The  JCSat  satellite  is  similar  in  many  ways  to  SBS-ft  and  Intel¬ 
sat  VI.  It  is  a  large  cy  linder  w  ith  an  antenna  and  telescoping  solar 
array  that  are  deployed  in  orbit.  The  central  portion  of  the  upper 
solar  array  is  a  mirrored  radiator  for  heat  generated  by  the  com¬ 
munication  subsystem.  This  subsystem  is  mounted  on  a  despun 
shelf  directly  behind  (he  radiator.  The  shelf  also  supports  the  an¬ 
tenna.  which  is  pointed  using  information  derived  from  tracking  a 


ground-transmitted  beacon.  Further  satellite  details  are  as  fol¬ 
lows: 

Satellite 

Cylinder.  12-ft  dia..  1 1  -ft  2-in.  height  stowed  for  launch.  33-ft 
height  in  orbit 

3000  lb  in  orbit,  beginning  of  life 

Solar  array  and  NiH^  batteries.  2250  W  at  beginning  of  life. 
!  800  W  minimum  after  ten  y  ears 

Spin-stabilized,  gy  rostat,  antenna  pointing  accuracy  0.05  deg  by 
tracking  an  uplink  beacon 
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Unified  bipropellant  propulsion  for  perigee  augmentation,  apogee 
maneuver,  and  on-orbit  use  (solid  perigee  motor  on  JCSat  2) 

Configuration 

Thirty-two  27-MHz  bandwidth  single-conversion  transponders, 
dual-polarization  frequency  reuse 

Capacity 

45  Mbps  or  one  TV  signal  per  transponder 


Transmitter 

1 2.25  to  12.75  GHz 

One  20-W  TWT  per  transponder  plus  eight  spares  per  satellite 
ERP  5 1  dBW  over  central  Japan,  49  dBW  over  80%  of  land  area. 
46  dBW  over  95%  of  land  area 

Receiver 

14.0  to  14.5  GHz 

Four  receivers  (two  active,  two  spare) 

FET  preamps.  3.0-dB  noise  figure 

G/T  1 2  dB/K  over  central  Japan,  10  dB/K  over  90%  of  land  area 

Antennas 

Dual-gridded  offset-fed  parabolic  reflector,  7.9-ft  dia.,  orthogonal 
linear  polarizations;  multihom  feed  arrays,  one  per  polarization, 
shape  beam  for  four  main  Japanese  islands  plus  Okinawa 

Design  life 

Ten  years 

Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0.05°N-S  and  E-W 

Orbital  history 

1:  launched  7  March  1989,  in  use.  150°E  longitude 
2;  launched  31  December  1989,  in  use,  154°E  longitude 
Ariane  launch  vehicle  ( 1 ).  Titan  Ill  (2) 

Management 

Developed  by  Hughes  Aircraft  Company  for  Japan  Communica¬ 
tions  Satellites.  Inc. 

Operated  by  Japan  Communications  Satellite.  Inc. 

The  JCSat  contract  required  delivery  in  orbit  of  tested  satel¬ 
lites.  This  required  the  manufacturer  to  make  all  arrangements  for 
launch,  transfer  orbit  control,  and  in-orbit  testing.  The  two  satel¬ 
lites  were  launched  in  March  and  December  1989;  each  began 
operational  service  about  six  weeks  after  launch.  They  are  con¬ 
trolled  from  an  operations  center  and  ground  station  in  Yokoha¬ 
ma.  with  a  backup  station  in  Gunma. 

Two-thirds  of  the  transponders  on  the  two  satellites  were  in 
use  by  the  fall  of  1990.  Uses  include  digital  data  transmissions, 
television  distribution  for  network  broadcasters  and  cable  sys¬ 
tems,  transmission  of  live  television  news  from  remote  locations, 
video  conferencing,  educational  television  for  both  high  schools 
and  businesses,  and  digital  voice.  Many  users  are  connected  to 
the  operations  center  using  voice  circuits  through  the  satellite; 
these  provide  good  coordination  and  speedy  action  if  problems 
occur.  Ground  antenna  sizes  vary  between  4  ft  and  36  ft.  In  a  few 
v<  ars.  the  number  of  ground  sites  is  expected  to  be  about  10.000 
w  ith  the  sm;>,|est  antennas,  hundreds  with  medium-size  antennas, 
and  dozens  with  larger  antennas. 

****** 

1 .  F.  L.  Judge  and  L.  N.  Chapman.  "A  Private  Communications 
Satellite  System  for  Japan,”  S/hicc  Utilization  anti  Applica¬ 
tions  in  the  Pacific,  Advances  in  the  Astronautical  Sciences. 
Vol.  73(1990). 

2.  “First  Privately-Owned  Japanese  Satellite  in  Position  Oxer 
Longitude  150°  East."  Aircraft  Engineering.  Vol,  61.  No.  4 
(April  1989). 

3.  "First  Privately-Owned  Japanese  Satellite  in  Operation."  Tele¬ 
communication  Journal.  Vol.  56.  No.  9  (September  1989). 


252 


4.  L.  Canin.  "The  JCSat  Syslem,"  Paper  90-0826,  AIAA  13th  In-  5.  W.  L.  Morgan,  "Smooth  Sailing  for  JCSat."  Satellite  Commu- 
ternational  Communication  Satellite  Systems  Conference  nicotians  ( March  1990). 

(March  1990). 


Superbird 


Space  Communications  Corporation  (SCC)  obtained  their  sat¬ 
ellites,  named  Superbirds  1 1-3),  from  their  United  States  partner. 
They  decided  to  use  both  the  20-  and  30-GHz  bands  used  by  the 
government's  communication  satellites  and  the  12-  and  14-GHz 
bands  newly  opened  to  satellite  communications  in  Japan.  The 
former  have  the  advantages  of  wider  bandwidth  and  minimal  in¬ 
terference  from  terrestrial  systems.  The  latter  have  the  advantage 
of  lower  attenuation  in  the  atmosphere.  In  both  bands,  maximum 
satellite  performance  is  emphasized  to  minimize  the  required  an¬ 
tenna  size  at  ground  terminals. 

The  satellite  has  a  rectangular  body  housing  all  the  equipment. 
The  two  large  reflectors  and  the  solar  arrays  deploy  in  orbit.  One 
reflector  is  for  12/14-GHz  transmission  and  reception,  the  other 
for  20/30  GHz.  At  each  frequency,  multiple  feed  horns  generate  a 
beam  shaped  to  approximate  Japanese  geography,  not  including 
some  outlying  islands.  One  feed  horn  in  the  20/30-GHz  antenna 
also  generates  a  spot  beam  for  Tokyo.  The  spot  beam  covers  25% 
of  the  Japanese  population. 

The  satellite  has  nineteen  transponders  in  the  12/14-GHz 
bands.  All  are  connected  to  the  national  coverage  beams.  The  sat¬ 
ellite  has  ten  transponders  in  the  20/30-GHz  bands.  Seven  are 
connected  to  the  national  coverage  beams  and  three  to  the  Tokyo 
spot  beam.  Two  of  the  Tokyo  transponders  and  two  of  the  20/30- 
GHz  national  beam  transponders  are  interconnected  on  the  satel¬ 
lite.  This  allows  signals  received  on  either  beam  to  be  transmitted 
on  the  other. 

After  the  initial  satellite  contract,  a  modification  was  made  to 
add  a  transponder  in  the  7-  and  8-GHz  bands  used  by  military 
communication  satellites  of  other  nations.  This  transponder  is  for 
use  by  the  Japanese  Self-Defense  Forces.  Additional  details  about 
the  SCC  design  are  as  follows: 

Satellite 

Rectangular  body.  7.9  x  8.5  x  7.2  ft.  span  of  deployed  solar  array 
67  ft 

Approximately  3080  lb  in  orbit,  beginning  of  life 


Sun-tracking  solar  arrays  and  NiH->  batteries,  approximatelv 
4000  W 

Three-axis  stabilization.  ±().05-deg  accuracy 

Configuration 

7/8  GHz:  one  40-MHz.  bandwidth  transponder 
12/14  GHz:  nineteen  36-MHz  bandw  idth,  single-conversion  tran¬ 
sponders.  dual-polarization  frequency  reuse 
20/30  GHz:  ten  100-MHz  bandwidth  transponders 

Transmitter 

7/8  GHz:  in  7.25-  to  7.75-GHz  band 
12/14-GHz:  1 2.35  to  12.75  GHz 

One  35- W  TWT  per  repeater  plus  four  spares 
ERP  53  dBW  peak.  49  dBW  edge  of  coverage 
20/30  GHz:  17.775  to  18.115  and  18.495  to  19.315  GHz 
One  20-W  TWT  per  repeater  plus  six  spares 
ERP  54  dBW  peak.  50  dBW  edge  of  coverage  (national 
beam).  60  dBW  peak.  58  dBW  edge  of  coverage  (spot  beam) 

Receiver 

7/8  GHz:  in  7.9-  to  8.4-GHz  band 

12/14  GHz:  14.0-  to  14.4-GHz  band.  +9  dB/K  G/T 

20/30  GHz:  27.5-  to  30-C.Hz  band.  +7  dB/K  G/T  (national  beam). 

+  17  dB/K  G/T  (spot  beams) 

Antennas 

12/14  GHz:  one  offset-fed  parabolic  reflector  with  multiple  feed 
horns  to  shape  beam  for  Japan,  dual  linear  polarizations 
20/30  GHz:  one  12-ft-dia.  offset-fed  parabolic  reflector  with  four 
feedhorns  to  shape  beam  for  Japan,  one  horn  also  used  to  provide 
one  0.3-deg  spot  beam,  circular  polarization 

Design  life 

Ten  years 


Orbit 

Synchronous  equatorial,  stationkeeping  to  ±().I)5N-S  anti 
E-W.  158  and  )62CF.  longitude 

Orbital  history 

A:  launched  6  June  1989.  in  use  until  failure  in  De-  / 
cember  1990.  moved  above  synchronous  orbit  m 

B:  launched  22  February  1990.  destroyed  by  J 
launch  vehicle  explosion  during  ascent  II 

E:  launch  scheduled  early  1992 
Ariane  launch  vehicle 


V»V'' 
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Management 

Developed  by  Ford  Aerospace  and  Communications  Corporation 
(Space  Systems  Foral  since  1990)  for  Space  Communications 
Corporation 

Operated  by  Space  Communications  Corporation 

The  first  Superbird  was  launched  in  June  1989  and  put  into 
service  a  month  later.  The  uses  of  the  satellite  included  television 
distribution  lor  networks  and  cable  systems,  transmission  of  tele¬ 
vision  news  from  remote  locations  to  studios,  remote  publishing, 
data  transmissions,  and  television  broadcasting  to  homes.  Super¬ 


Superbird  satellite. 


bird  B  was  destroyed  in  February  1990.  when  the  launch  vehicle 
exploded  during  ascent.  In  December  1990.  Superbird  A  lost  all 
the  oxidi/er  from  its  propulsion  subsystem.  This  made  further  at¬ 
titude  and  orbit  control  impossible,  and  SCC  declared  the  sat'  ":,e 
a  total  loss.  Most  of  the  traffic  was  transferred  to  SCCs  compel. - 
tor  JCSat  until  the  next  Superbird  launch  early  in  1992. 

:jc  #  sf: 
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INDONESIA  (PALAPA) 


In  Indonesia,  the  combination  of  geography,  weather,  and  past 
economic  conditions  severely  limited  the  development  of  com¬ 
munications  facilities.  In  the  mid-1970s,  supported  by  greatly  in¬ 
creased  revenues  from  oil  exports,  the  government  began  making 
significant  improvements  in  communication  facilities.  A  satellite 
communication  system  is  one  major  part  of  the  improvement  pro¬ 
gram.  The  satellite  system  1 1  - 1 1 1  is  being  used  to  open  communi¬ 
cation  links  to  remote  parts  of  the  country,  to  improve 
communications  between  urban  centers,  tor  distribution  of  educa¬ 
tional  television,  and  for  military  communications. 


The  Indonesian  satellites  are  named  Palapa.  a  word  signifying 
national  unity.  Two  generations  exist:  the  original  Palapa  satel¬ 
lites.  now  called  Palapa  A.  and  the  newer  Palapa  B.  The  A  satel¬ 
lites'  design  was  like  those  of  the  Anik  A  and  Westur  I  to  III 
satellites.  The  B  satellite  was  one  version  of  a  design  used  for  a 
large  number  of  satellite  programs,  including  SBS.  Anik  C  and  D. 
and  Galaxy.  The  Palapa  satellites  support  the  sen  ices  just  men¬ 
tioned  within  Indonesia  and  provide  capacity  for  1c  >-,e  to  neigh¬ 
boring  nations.  These  nations  are  Singapore.  Malaysia.  Thailand, 
and  the  Philippines,  which,  along  with  Indonesia,  comprise  the 


Pahipa  H  satellite. 


Association  of  Southeast  Asian  Nations  (ASF.ANj.  The  Palapa  A 
coverage  is  shown  compared  with  the  geography  of  these  nations. 
Palapa  B  lias  about  2  dB  improved  performance  in  general,  in  ad¬ 
dition  to  better  shaping  of  the  transmit  pattern  for  Thailand  and 
the  northern  Philippines. 

The  two  Palapa  satellite  designs  are  spin-stabili/ed.  On  Palapa 
A.  the  antenna  was  despun.  and  all  other  equipment  was  mounted 
within  the  spinning  satellite  body.  On  Palapa  B.  the  entire  com¬ 
munication  subsystem  is  mounted  on  a  despun  platform,  whereas 
support  subsystems  are  still  attached  to  the  spinning  body.  Also. 


the  lower  solar  array  and  the  antenna  are  deployed  in  orbit.  The 
internal  arrangement  of  both  satellites  is  shown.  The  satellite  de¬ 
tails  are  as  follows: 

Satellite 

A:  cylinder.  75-in.  dia..  overall  height  139  in. 

B:  cylinder.  85-in.  dia..  1 12-in.  height  in  launch  condition:  274- 

in.  (22  ft  10  in.)  height  deployed 

670  lb  (A)/ 1435  lb  (B)  in  orbit,  beginning  of  life 

Solar  cells  and  NiCd  batteries.  300  W  ( A)/1060  W  <  B )  beginning 

of  life,  approximately  240  W  (A (/approximately  830  W  (B)  end 

of  life 

Spin-stabilized,  approximately  90  rpm  (A)/50  rpm  (B).  gyrostat 
<B>.  antenna  pointing  to  ±0.1  deg  (A)/±0.05  deg  (B)  or  better 
Solid  rocket  motor  foi  apogee  maneuver,  monopropellant  hydra¬ 
zine  for  on-orbit  use 

Configuration 

A:  twelve  36-MHz  bandwidth  single-conversion  repeaters 
B:  twenty-four  36-MHz  bandwidth  single-conversion  repeaters, 
dual-polarization  frequency  reuse 

Capacity 

A:  600  two-way  voice  circuits  or  one  TV  signal  per  repeater 
B:  somew  hat  greater  than  A.  depends  on  evolution  of  ground  ter¬ 
minals  and  access  techniques 

Transmitter 

3702  to4l78  MHz  (A).  3702  to  4 1 98  MHz  (B) 

One  5-W  (A)/I0-W  (B)  TWT  per  repeater,  no  spares  (A),  one 
spare  per  four  repeaters  (B) 

ERP:  32  dBW  ( A )/34  dBW  (B)  per  repeater  over  Indonesia. 
27  dBW  ( A )/3 2  dBW  (B)  per  repeater  over  neighboring  nations 

Receiver 

5927  to  6403  MHz  (A).  5927  to  6423  MHz  (B) 

One  (A)/two  (B)  active  and  one  (A (/two  (B)  spare  receivers 
G/T:  -7  dBW/K  < A )/-5  dB/K  (B)  over  Indonesia 

Antenna 

One  60-in.  (A)/72-in.-  (B)  dia.  offset-fed  parabolic  reflector,  mul¬ 
tiple  feeds  shape  beam  to  optimize  coverage  of  Indonesia  and 
neighboring  nations,  linear  polarization  (A),  dual  linear  polariza¬ 
tions  (B) 

Design  life 

Seven  ( A  (/eight  (B)  years 

Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0. 1  N-S  and  E-W 

Orbital  history 

A 1 :  launched  8  July  197 <  no  longer  in  use.  moved  above  sy  n¬ 
chronous  orbit 

A2:  launched  10  March  1977.  no  longer  in  use.  moved  above  syn¬ 
chronous  orbit 
Delta  2914  launch  vehicle 

Bl:  launched  18  June  1983  (deployed  from  Shuttle.  18  June). 
1 1 8  F  longitude,  in  use 

B2:  launched  3  February  1984  (deployed  from  Shuttle  6  Febru¬ 
ary).  PAM  failure  left  satellite  in  low  orbit,  returned  to  earth  No¬ 
vember  1984 


Palapa  B 


Palapa  A 


Palapa  A  and  B  satellite  details. 

Shuttle/PAM-D  launch  vehicle 

B2P:  launched  20  March  1987,  I  I3°E  longitude,  in  use 

B2R:  launched  13  April  1990.  108°E  longitude,  in  use 

B4:  launch  scheduled  early  1992 

Delta/PAM-D  launch  vehicle 

Management 

Developed  by  Hughes  Aircraft  Company  for  Perumtel  (Perusahan 
Umuirt  Telekomunikasi).  the  Indonesian  Government  communi¬ 
cations  agency 
Operated  by  Perumtel 

The  Palapa  A  communication  subsystem  had  twelve  channels. 
Redundant  wideband  receivers  were  followed  by  twelve  nonre- 
dundant  channelized  transmitters.  The  Palapa  B  communication 
subsystem  has  twenty-four  channels.  The  equipment  is  basically 
double  that  of  Palapa  A.  with  each  set  of  twelve  channels  received 
and  transmitted  on  separate  polarizations.  Also,  some  transmitter 
redundancy  is  provided,  and  the  transmitter  output  power  has 
been  doubled. 

The  Palapa  A  satellites  were  launched  in  1976  and  1977.  They 
remained  useful  until  1985  and  1986.  two  years  beyond  their  de¬ 
sign  lifetime.  The  first  Palapa  B  was  launched  in  June  1983  and 
took  some  traffic  from  the  A  satellites,  in  addition  to  supporting 
new  services.  The  second  B  satellite  was  launched  in  l-'ebruary 
1984  but  was  left  in  a  low  orbit  by  a  malfunction  of  the  perigee 


motor.  The  same  fate  happened  to  Westar 
VI.  and  a  rescue  plan  was  devised  for  the 
two  satellites  [2|.  Numerous  adjustments  to 
the  satellite  orbit  were  made  while  rescue 
equipment  was  being  prepared.  A  Shuttle 
rendezvoused  with  the  satellite  in  Novem¬ 
ber  1984,  and  two  astronauts  captured  the 
satellite  and  secured  it  in  the  Shuttle.  It  was 
returned  to  earth  and  offered  for  sale  by  the 
insurance  companies.  It  was  purchased  in 
1986  for  refurbishment  and  resale  to  Indo¬ 
nesia.  The  manufacturer  refurbished  the 
satellite  by  replacing  components  that  were 
used  during  the  orbit  adjustments  prior  to 
the  rescue.  These  components  included  the 
apogee  motor,  the  batteries,  and  the  attitude 
control  thrusters.  The  satellite  was  renamed 
Palapa  B2R  (R  for  refurbished)  and  re¬ 
launched  in  1990. 

To  prot  ide  a  backup  to  Palapa  Bl.  con¬ 
struction  of  a  third  satellite  was  started  in 
1984.  when  Palapa  B2  was  in  low  orbit 
wailing  for  the  rescue  attempt.  This  satellite 
was  originally  Palapa  B3.  but  its  name  be¬ 
came  Palapa  B2P.  It  was  launched  in  1987. 
Both  Palapa  B2P  and  B2R  are  in  use.  Be¬ 
cause  of  continually  increasing  traffic.  Pal¬ 
apa  B4  is  being  built  and  will  be  launched 
in  1992.  The  projected  operating  lives  of 
Palapa  B2P  and  B2R  indicate  that  another 
satellite  launch  is  desirable  in  1995.  That 
w  ill  probably  be  the  first  of  the  Palapa  C  se¬ 
ries.  which  might  be  a  multifunction  satel¬ 
lite.  similar  in  concept  to  India's  Insat. 
Additional  missions  could  include  weather 
photography.  VHF  communications  for  coastal  ships,  or  televi¬ 
sion  broadcasting.  No  firm  plans  have  been  announced  for  Palapa 
C. 

The  Palapa  system  began  operations  in  August  1976  on  the 
date  of  the  thirty-first  anniversary  of  Indonesian  independence. 
Forty  ground  terminals  were  in  use  then,  with  ter  more  added  in 
1978.  By  1981.  the  number  of  terminals  had  increased  to  120. 
with  the  total  expected  to  increase  to  about  300  in  the  coming 
years.  Transmission  techniques  include  FDM/FM  trunk  telephone 
links.  SCPC  thin  route  telephony  and  telegraphy,  and  FM  telex  i- 
sion.  The  SCPC  links  are  split  between  preassignment  and  de¬ 
mand  assignment.  TDMA  equipment  was  installed  in  some 
terminals  in  the  1980s.  and  an  improved  demand  assignment  con¬ 
troller  replaced  the  original  one  about  1990.  Also,  a  low -rate  digi¬ 
tal  packet  transmission  network  is  in  development,  and  the  use  of 
videoconferencing  is  being  studied.  The  Philippines.  Thailand, 
and  Malaysia  are  all  using  leased  capacity  for  their  internal  com¬ 
munications.  Singapore  uses  Palapa  for  communications  w  ith 
these  neighboring  nations. 

1 .  “Indonesia:  A  Satellite  Network  for  a  Scattered  Nation."  Busi¬ 
ness  Href  ( 24  August  1974). 

2.  Aviation  Href  Space  Tcclutolopx  (30  September  1974). 
p.  22:  (24  February  1975).  p.  22:  (7  June  1976).  p.  55:  ( 14  Jan¬ 
uary  1980).  p.  58:  (21  January  1980).  p.  99;  (13  February 
1984),  p.  19:  (25  June  1984).  p.  22;  1 1  October  1984).  p.  28; 
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polarization 


Same  as  above 
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Palapa  antenna  pattern,  (a)  transmitter  ERP  (per  channel): 
(b)  receiver  GET. 


INDIA 


From  July  1975  through  July  1976.  India  used  (he  ATS  6  satel¬ 
lite  for  experimental  television  broadcasting.  At  the  beginning  of 
the  1970s.  as  this  experiment  was  being  planned.  India  had  the  in¬ 
tention  of  immediately  following  it  w  ith  a  national  communica¬ 
tion  and  broadcasting  satellite  1 1  -8 1.  This  intention  was  supported 
by  studies  in  the  United  Stales  and  India.  Furthermore.  India  had 
the  desire  to  develop  its  own  technical  capabilities  to  the  extent 
that  it  could  design  and  develop  its  own  satellites  for  use  in  the 
1980s.  All  of  these  plans  slowed  considerably,  and  no  Indian  sat¬ 
ellite  was  available  after  the  ATS  experiment.  Instead,  additional 
experiments  were  conducted  from  1977  to  1979  using  one  of  the 
Symphonic  satellites  that  had  been  moved  to  49  H  longitude. 
This  activity  was  called  the  Satellite  Telecommunications  Exper¬ 
imental  Project  (STEP),  the  purpose  of  which  was  to  collect  data 
for  further  development  of  India's  ground  terminal  facilities.  Af¬ 
terwards.  India  continued  its  interim  measures  with  a  quarter 
transponder  lease  from  Intelsat  beginning  in  1979.  I  his  satellite 
capacity  is  used  by  India's  two  Intelsat  terminals  and  several 


smaller  terminals.  Together  with  the  Intelsat  lease.  India  contin¬ 
ued  to  gain  experience  with  the  APPLE  ( Ariane  Passenger  Pay¬ 
load  Experiment)  satellite.  Culminating  all  (he  preparatory 
efforts.  Insat.  India's  national  satellite  svstem.  started  operating  in 
1982. 


1.  M.  G.  K.  Menon.  "Insat  in  Perspective."  Paper  72-583.  Al. 4/ A 
4th  Communications  Satellite  Systems  Conference  (April 
1972). 

2.  P.  P.  Kale,  R.  L.  Nickelson.  and  F.  W.  Sarles.  Jr..  "A  Design  for 
Insat."  Paper  72-576.  AIAA  4th  Communications  Satellite  . Sys¬ 
tems  Conference  (April  1972). 

3.  U.  R.  Rao.  "Educational  Telev  ision  in  India."  Paper  73-106. 
A  A  .S'  I9tli  Annual  Meeting  (June  1973).  Reprinted  in  Advances 
in  the  Astronauticid  Sciences.  Vol.  30  ( 1974). 

4.  D.  S.  Kushwah.  "Television  Broadcasting  in  India,"  Telecom¬ 
munication  Journal.  Vol.  44.  No.  4  (April  1977). 


258 


5.  E.  V.  Chitnis  and  K.  S.  Kurnik,  "The  Message  and  Experience 
of  the  SITE  Project."  Acta  Astmnautiea.  Vol.  12.  No.  4  (April 
1985). 

6.  Fill'll t  International  (3  April  1976).  p.  852:  (23  October 
1976).  p.  1278;  (6  August  1977).  p.  439:  (23  September 
1978).  p.  1 190;  (28  June  1980).  p.  1466:  ( 18  September  1982). 
p.  833:  (27  November  1982).  p.  1562. 

7.  Aviation  Week  &  Space  Teclinoloitv  (23  August  1971 ).  p.  70; 
( 1 1  December  1972).  p.  20:  ( 10  October  1977).  p.  24:  (24  Oc¬ 
tober  1977).  p.  41:  (7  August  1978).  p.  45:  (10  December 


1979).  p.  72;  (29  June  1981).  p.  18;  (6  July  1981).  p.  20:  (10 
August  1981),  p.  53:  (24  August  1981 ),  p.  62:  (5  April  1982). 
p.  56:  ( 19  April  1982).  p.  24:  (26  April  1982).  p.  27;  (22  No¬ 
vember  1982).  p.  80:  (25  April  1983).  p.  21;  (13  June  1983). 
p.  29;  ( 19  September  1983).  p.  14:  (2  December  1985).  p.  20: 
(24  March  1986).  p.  83;  (4  August  1986).  p.  29. 

8.  N.  Kidger.  "India  in  Space:  An  Overview."  Journal  of  the 
British  Interplanetary  Society.  Vol.  35.  No.  10  (October 
1982). 


APPLE 


The  APPLE  satellite  1 1  -6 ]  was  proposed  by  India  in  1975.  in 
response  to  an  ESA  offer  to  provide  free  launches  on  Ariane  de¬ 
velopment  flights.  The  proposal  was  accepted  in  1976  and  work 
began  in  1977.  India's  objectives  with  APPLE  were  to 

•  Gain  experience  in  mission  planning  and  satellite  opera¬ 
tions. 

•  Build  a  three-axis-stabili/ed  satellite. 

•  Develop  and  use  a  communications  payload. 

The  APPLE  program  was  managed  by  the  Indian  Space  Research 
Organization  (ISRO).  which  is  a  part  of  the  national  government's 
Department  of  Space. 

ISRO  designed  the  APPLE  satellite  and  assembled  it.  using 
items  manufactured  by  ISRO  and  by  contractors  in  India.  France. 
Germany,  and  the  United  States.  The  satellite  was  a  cylindrical 
structure  w  ith  two  internal  equipment  shelves  and  two  solar  pan¬ 
els.  The  payload  was  a  single,  redundant,  communications  tran¬ 
sponder  that  used  the  antenna  mounted  on  the  front  end  of  the 
cylinder.  Additional  satellite  details  are  as  follows: 

Satellite 

Cylinder.  47-in.  dia..  47-in.  height:  height  including  antenna 
6  !A  ft.  span  of  deployed  solar  arrays  15  ft 
836  lb  in  orbit,  beginning  of  life 

Sun-tracking  solar  array  and  NiC’d  batteries,  280  W  beginning  of 
life.  210  W  end  of  life  (failure  of  one  panel  to  deploy  reduced 
these  values  by  50 '/< ) 

Three-axis  stabilization  using  redundant  momentum  wheels  and 
magnetic  torquers.  0.25-deg  accuracy  in  pitch  and  roll.  0.4  deg  in 
yaw 

Solid  rocket  motor  for  apogee  maneuver,  hydrazine  for  on-orbit 
use 

Configuration 

Two  repeaters  (one  active,  one  spare) 

Transmitter 

4140  to  4180  MHz 

One  TWT  per  repeater,  approximately  5-W  output 
ERPon  axis  31.5  dBW 

Receiver 

Approximately  6  GHz.  LET  preamplifier 

Antenna 

One  35-in. -ilia,  parabola  w  ith  prime  focus  feed 

Design  life 

Two  years 


Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0. 1  N-S  and  E-W 

Orbital  history 

Launched  19  June  1981.  in  use  until  turned  off  September  1983. 
moved  out  of  sy  nchronous  orbit 

Management 

Developed  by  ISRO 
Operated  by  ISRO 

APPLE  was  launched  in  June  1981.  ISRO  took  control  of  it 
beginning  vv  ith  the  transfer  orbit.  A  her  injection  into  synchronous 
orbit,  one  of  the  solar  panels  could  not  be  deployed.  This  cut  the 
available  power  by  one  half  and  also  caused  thermal  problems. 
Nevertheless,  techniques  were  developed  that  allowed  use  of  the 
satellite  throughout  its  two-year  design  life.  A  w  ide  v  ariety  of  ex¬ 
periments  was  conducted  with  APPLE!,  including  30-Mbps 
TDMA  for  telephone,  spread  spectrum  multiple  access,  random 
access  packet  networks  for  computer  communications,  and  fele- 
vision  and  facsimile  transmission,  APPLE!  was  turned  off  in  Sep¬ 
tember  1983. 
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Insat  I 


Insat  satellite. 


Insat  I  is  India's  tirst-generation  op- 
erational  satellite  1 1-1 2|.  It  has  both  com- 
munications  and  meteorological  payloads. 

It  is  used  to: 

•  Supplement  terrestrial  communication  fa¬ 
cilities  on  major  interurban  links. 

•  Provide  reliable  communications  to  areas  isolated  by  diffi¬ 
cult  terrain. 

•  Provide  television  broadcasting  to  rural  areas  for  educational 
and  agricultural  programs. 

•  Collect  satellite  imaging  and  terrestrial  data  for  weather 
forecasting. 

The  first  two  objectives  are  accomplished  with  a  twelve-tran¬ 
sponder  payload  that  uses  the  4-  and  6-GHz  frequency  bands.  Its 
design,  with  redundant  wideband  receivers  and  channelized 
transmitters,  is  relatively  simple.  The  only  unusual  feature  is  the 
interconnection  with  other  payloads.  The  broadcasting  payload 
satislies  the  third  objective.  It  has  two  transponders  that  have 
6-GHz  uplinks  and  2.5-GHz  downlinks.  Both  share  antennas  with 
the  communications  payload. 

The  weather  forecasting  objective  requires  two  payloads.  One 
is  a  visible  light  and  infrared  radiometer  on  the  satellite,  which 
transmits  images  of  the  earth.  Resolution  is  2.75  km  in  visible 
light  and  1 1  km  in  infrared.  One  complete  image,  covering  a  20- 
deg  square  field  at  the  satellite,  is  collected  and  transmitted  in 
23  min.  After  7  min.  another  image  is  started.  The  data  relay  pay  - 
load  receives  brief  transmissions  from  many  data  collection  plat¬ 
forms  at  about  400  MHz  and  retransmits  them  to  a  central  site  at 
about  4  GHz.  The  platforms  are  both  on  land  and  ocean  and  col¬ 
lect  meteorological  and  hydrological  data.  Both  the  radiometer 
and  data  relay  dow  nlinks  use  the  antennas  of  the  other  payloads. 


The  satellite  details  are  as  follow  s: 

Satellite 

Rectangular  body.  5.1  x  4.7  x  7.2  ft.  N-S  span  of  deployed  solar 
array  and  solar  sail  64  ft.  E-W  span  of  deployed  antennas  14  ft 
Approximately  1 230  to  1400  lb  in  orbit,  beginning  of  life 
Solar  cells  and  NiCd  batteries,  approximately  12(X)  W  beginning 
of  life.  400  W  minimum  after  seven  years,  eclipse  power  for 
housekeeping.  DR.  RA.  and  only  four  COM  transponders 
Three-axis  stabilization,  two  momentum  wheels  and  one  reaction 
wheel  plus  magnetic  torquers.  antenna  pointing  accuracy  ±0.2 
deg  (pitch  and  roll).  ±0.4  deg  (yaw  ) 

Unified  bipropellant  propulsion  for  apogee  maneuver  and  on-or- 
bit  use 

Configuration 

Communications  (COM):  twelve  36-MHz  bandwidth  single-con- 
version  transponders 

Broadcasting  (BR):  two  36-MHz  bandwidth  single-conversion 
transponders 

Data  relay  (DR):  one  200-kHz  bandwidth  transponder 
Radiometer  (RA):  400  kbps  transmission  of  data  from  onboard 
radiometer 
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Capacity 

COM:  approximately  8000  two-way  voice  circuits  plus  one  TV 
program 

BR:  two  TV  programs 

Transmitter 

COM:  37 1 2  to  4028  MHz  and  4042  to  4198  MHz 

One  4.5-W  TWT  per  repeater.  32  dBW  minimum  ERP  per 
repeater  over  primary  coverage  area  at  end  of  life  (primary 
coverage,  about  80%  of  India;  secondary  coverage,  some  pe¬ 
ripheral  parts  of  India  plus  off-shore  islands),  one  spare  TWT 
per  two  repeaters  on  Satellite  ID 
BR:  2557  to  2633  MHz 

One  50- W  TWT  per  repeater  plus  one  spare,  42  dBW  mini¬ 
mum  ERP  per  repeater  over  primary  coverage  area  at  end  of 
life  (primary  coverage,  about  80%  of  India;  secondary  cover¬ 
age,  some  peripheral  parts  of  India  plus  off-shore  islands) 
DR;  4038. 1  ±0. 1  MHz.  19  dBW  minimum  ERP  at  end  of  life 
RA:  4034.55  MHz.  8.5  dBW  minimum  ERP  at  end  of  life 

Receiver 

COM:  5937  to  6253  MHz  and  6267  to  6423  MHz 
Two  receivers  (one  on,  one  spare) 

G/T  -6  dB/K  minimum,  -4.2  dB/K  typical 
Two  receivers  (one  on,  one  spare) 

BR:  5857  to  5933  MHz. 

Two  receivers  (one  on,  one  spare) 

G/T  set  by  and  same  as  communications  receiver 
DR:  402.75  ±0.1  MHz 

Two  receivers  (one  on.  one  spare) 

G/T -19  dB/K 

Antenna 

COM  and  BR:  one  54-in.  dia.  offset-fed  parabola  for  all  reception 
and  COM  odd  channels  transmission,  linear  polarization,  4.5-deg 
beamwidth;  one  60-  x  63-in.  offset-fed  parabola  for  COM  even 
channels  (linear  polarization)  and  BR  transmission  (LHCP).  4.5- 
deg  beamwidth:  each  has  four  feed  horns 
DR:  array  of  four  annular  slot  antennas,  RHCP.  38-deg  beam- 
width  for  receive;  communications  antenna  for  transmit 
RA:  communications  antenna 

Design  life 

Seven  years 

Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0. 1°N-S  and  E-W 

Orbital  history 

IA:  launched  10  April  1982,  died  4  September  1982.  moved 

above  synchronous  orbit 

Delta  3910/PAM  launch  vehicle 

IB:  launched  30  August  1983,  74°E  longitude,  in  use 

Shuttle/PAM  launch  vehicle 

1C:  launched  21  July  1988.  56°E  longitude,  power  failure  allows 
use  of  about  half  of  the  satellite 
Ariane  launch  vehicle 

ID:  launched  12  June  1990.  83°E  longitude,  in  use 
Delta  4925  launch  vehicle 


Management 

Developed  by  Ford  Aerospace  and  Communications  Corporation 
(Space  Systems  Loral  since  1990)  for  Indian  Department  of 
Space 

Operated  by  Department  of  Space 

The  Insat  communications  payload  is  used  primarily  for  tele¬ 
phony.  Typically,  one  transponder  is  use  for  television  program 
distribution.  Large  and  medium-size  terminals  use  FDM/FM/ 
FDMA  transmissions  for  multichannel  links.  Small  terminals, 
handling  fewer  circuits,  use  SCPC/FDMA.  The  broadcast  pay- 
load  accommodates  one  television  program  and  several  voice  cir¬ 
cuits  per  transponder.  All  can  be  received  by  community 
terminals  with  12-ft-diameter  antennas  constructed  of  wire  mesh. 
The  voice  circuits  are  radio  broadcasts  and  a  disaster  warning 
channel.  The  transmission  rate  for  the  radiometer  data  is  400 
kbps;  the  data  collection  platforms  transmit  at  4.8  kbps.  Both  use 
PSK. 

The  antennas  deployed  from  opposite  sides  of  the  body  handle 
all  receiving  and  transmitting  functions  except  for  uplinks  from 
the  data  collection  platforms.  The  feed  horns  for  the  rectangular 
reflector  are  on  the  edge  opposite  its  deployment  hinge.  The  cir¬ 
cular  items  between  them  are  the  launch  vehicle  adapter  and  apo¬ 
gee  motor  nozzle.  Data  collection  uplinks  are  received  through 
the  UHF  antenna,  which  is  the  four  rings  on  the  earth-viewing 
face  of  the  satellite.  The  solar  array  is  only  on  one  side  of  the  sat¬ 
ellite  rather  than  consisting  of  two  equal  wings  as  on  other  three- 
axis-stabilized  satellites.  This  is  required  so  that  the  radiative 
cooler  for  the  radiometer's  infrared  detectors,  which  is  on  the  side 
opposite  the  solar  array,  has  a  clear  view  to  deep  space.  The  ob¬ 
ject  on  that  same  side  of  the  satellite  is  a  solar  sail.  The  sail,  by  the 
geometry  of  its  design  and  its  separation  from  the  satellite  on  a 
30-ft  deployable  boom,  will  not  interfere  with  the  radiative  cool¬ 
er.  The  function  of  the  sail  is  to  counteract  the  torque  caused  by 
solar  radiation  pressure  on  the  array. 

All  equipment  is  mounted  within  the  satellite  body.  The  apo¬ 
gee  motor  and  in-orbit  propulsion  are  combined  in  one  bipropel¬ 
lant  system.  In-orbit  thruster  firings  and  rotation  of  the  sun¬ 
tracking  solar  array  are  accomplished  during  the  7-min  periods 
when  the  radiometer  is  not  active.  During  the  23-min  imaging  cy¬ 
cle.  they  are  inhibited  to  improve  attitude  stability. 

Insat  I A  was  launched  in  April  1982.  After  it  reached  geosyn¬ 
chronous  orbit,  one  antenna  deployed  only  after  many  attempts, 
and  the  sail  never  deployed.  During  a  September  1982  attitude 
maneuver,  the  torque  caused  by  the  solar  sail  not  being  deployed 
resulted  in  the  moon  being  in  the  field  of  view  of  the  active  earth 
sensor.  The  unpredicted  moon  interference  caused  the  satellite  at¬ 
titude  reference  to  be  lost.  Because  the  satellite  command  receiv¬ 
er  was  connected  to  the  narrow  coverage  communications 
antenna  rather  than  an  omni  antenna,  the  command  link  was  bro¬ 
ken  as  the  satellite  attitude  changed.  As  a  result,  safing  commands 
could  not  be  received,  all  fuel  was  consumed,  and  the  satellite 
was  lost.  Between  that  time  and  October  1983.  when  Insat  IB  be¬ 
came  operational,  communications  services  were  maintained  us¬ 
ing  leased  Intelsat  transponders  and  a  leased  transponder  on  a 
Soviet  Statsionar  satellite. 

Insat  IB.  with  modifications  to  avoid  the  previous  problems, 
was  launched  in  August  1983.  After  initial  problems  w  ith  solar  ar¬ 
ray  deployment,  it  began  orbital  testing  with  all  equipment- ac¬ 
ceptable.  After  testing,  it  entered  operational  service  and  has 
worked  without  significant  problems.  A  few  months  earlier,  a 
contract  was  signed  for  production  of  Insat  IC.  which  was 
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Insat  communication  subsystem. 


DRT  Data  relay  transponder 
RA  Radiometer 


launched  in  1988.  In  1985.  a  contract  was  signed  tor  Insat  ID. 
which  was  launched  in  1990. 

During  or  soon  after  deployment  in  synchronous  orbit.  Insat 
1C  suffered  a  failure  in  its  power  subsystem.  This  failure  termi¬ 
nated  use  of  half  of  the  communications  transponders  and  half  of 
the  broadcasting  transponders.  The  other  half  of  the  transponders 
plus  the  data  relay  and  radiometer  payloads  have  operated  suc¬ 
cessfully. 


Insat  ID  was  attached  to  its  launch  vehicle  in  June  1989.  when 
a  crane  hook  fell  on  it  and  damaged  it.  It  was  returned  to  the  man¬ 
ufacturer  for  repairs  and  w  hile  there  suffered  slight  additional 
damage  in  the  October  1989  San  Francisco  earthquake.  It  was  re¬ 
paired  and  launched  in  1990.  one  year  after  the  accident.  It  has 
operated  properly  since  launch. 

Thirty-eight  ground  terminals  are  in  operation  with  Insat  for 
telephony.  More  terminals  will  be  added  to  the  network,  which 
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supplements  terrestrial  facilities  on  main  routes  and  provides  new 
links  to  rural  areas.  Antenna  diameters  vary  from  15  to  36  ft.  de¬ 
pending  on  required  capacity.  About  4000  community  terminals 
receive  television  broadcasts  from  Insat.  About  200  of  these  ter¬ 
minals  are  connected  to  conventional  television  transmitters, 
which  rebroadcast  the  signal  in  the  local  area.  The  use  of  Insat  in¬ 
creases  the  portion  of  India's  population,  to  which  television  is 
available,  from  25 %  to  70%.  Over  100  data  collection  platforms 
and  200  disaster  warning  receivers  also  have  been  installed  for 
use  with  Insat.  A  governmental  data  network  was  established  in 
1087  w  ith  over  400  terminals. 
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Insat  II  1 1 -2 1  is  an  Indian-built  series  of  satellites  which  will 
replace  the  Insat  I  series.  Insat  II  has  the  same  payloads,  for  com¬ 
munications,  broadcasting,  data  relay,  and  imaging,  plus  an  addi¬ 
tional  payload  for  search  and  rescue.  The  satellite  design  was 
chosen  after  a  study  of  large  and  medium-size  multipurpose  satel¬ 
lites  and  multiple  medium-size  satellites  w  ith  single  or  dual  pay- 
loads.  Insat  II  is  the  medium-size  multipurpose  option. 

The  communications  and  broadcasting  payload  requirements 
were  developed  from  assessments  of  the  actual  traffic  on  Insat  I  in 
the  mid-1980s,  combined  with  projected  growth  rates.  The  ex¬ 
pected  mid-1990s  requirement  will  be  satisfied  by  two  colocated 
Insat  II  satellites  with  a  third  satellite  at  a  separate  location.  The 
two  colocated  satellites  will  appear  to  be  a  single  satellite,  since 
they  will  both  be  within  ground  station  antenna  beams.  They  will 
use  opposite  polarizations  and  offset  frequencies  for  most  tran¬ 
sponders  to  allow  simultaneous  operation  of  their  communica¬ 
tions  payloads.  The  other  transponders  will  have  opposite 
polarizations  and  the  same  frequencies;  transmission  frequencies 
will  be  chosen  to  keep  interference  levels  acceptable.  The  broad¬ 
casting  payload  w  ill  be  used  for  both  television  broadcasting  and 
for  transmission  of  multiple  low-level  signals  for  disaster  warn¬ 
ing  messages,  weather  data  dissemination,  and  radio  program  dis¬ 
tribution. 

The  visible  and  infrared  radiometer  is  similar  to  the  Insat  I  ra¬ 
diometer  but  has  resolution  improved  to  2  km  v  isible  and  8  km 
infrared.  A  complete  image  scan,  covering  most  of  the  earth,  still 


4.  S.  Dhawan.  J.  P.  Singh,  and  P.  P.  Kale.  "Insat-I — A  Multipur¬ 
pose  Domestic  Satellite  System  for  India,"  IEEE  Transactions 
on  Broadcasting.  Vol.  25.  No.  4  (December  1979). 

5.  M.  K.  Saha,  "Salient  Design  Features  of  Insat- 1  Space  Seg¬ 
ment  System."  Paper  80-0473.  AJAA  Bth  Communications 
Satellite  Systems  Conference  (April  1980). 

6.  T.  M.  Smith,  et  al.,  “Antennas  Aboard  the  lnsat-l  Communi¬ 
cation  Satellite."  Paper  80-0559.  AlAA  Hth  Communications 
Satellite  Systems  Conference  (April  1980). 

7.  P.  J.  Fisher.  "Satellite  Ground  Control  System  for  Insat."  In¬ 
ternational  Telemetering  Conference  Proceedings  (November 

1980). 

8.  U.  V.  Nayak  and  K.  G.  Matapurkar.  "Insat  Communication 
System."  Paper  82-0522,  AlAA  9th  Communications  Satellite 
Systems  Conference  (March  1982). 

9.  S.  V.  Kibe  and  G.  Thomas.  "India's  Domestic  Satellite  Com¬ 
munication  System — Insat."  Paper  4A.2.  International  Con¬ 
ference  on  Communications:  ICC  'S2  (June  1982). 

10.  G.  Sampath.  "A  Television  Service  Plan  Through  a  Multipur¬ 
pose  Satellite — A  Cost  Effective  Indian  Model  for  Develop¬ 
ing  Countries."  Tenth  International  Broadcasting  Convention. 
IEE  Conference  Publication  No.  240  (September  1984). 

11.  U.  R.  Rao.  et  al..  "The  Indian  National  Satellite  System — In¬ 
sat."  Space  Communication  and  Broadcasting.  Vol.  5.  No.  5 
(November  1987). 

12.  U.  R.  Rao.  J.  P.  Singh,  and  K.  Narayanan.  "Satellite-Based  Di¬ 
saster  Warning  and  Relief  in  India."  Space  Safety  and  Rescue 
I9B6  -  / 9H7.  Science  and  Technology  Series.  Vol.  70.  Ameri¬ 
can  Astronautical  Society  ( 1988). 


:  II 

takes  23  min  and  is  conducted  once  every  half  hour.  The  remain¬ 
ing  7  min/half  hour  are  used  for  solar  array  motion  and  other  ac¬ 
tions  which  would  disturb  the  radiometer's  precision  pointing. 

The  data  relay  transponder  is  similar  to  the  transponder  on  In¬ 
sat  I.  It  is  joined  by  another  transponder  for  satellite-aided  search 
and  rescue.  This  transponder  receives  distress  signals  from  emer¬ 
gency  beacons  and  transmits  them  to  a  central  rescue  coordina¬ 
tion  center.  It  will  be  used  in  cooperation  with  the  low-altitude 
transponders  of  the  Sarsat/Cospas  system,  which  is  described  lat¬ 
er. 

The  goals  of  the  Insat  II  program  are  to  design,  dev  elop,  build, 
and  operate  the  satellite  using  Indian  national  capabilities  with 
minimal  dependence  on  other  nations.  Another  goal  is  to  launch 
the  later  Insat  II  satellites  on  an  Indian  launch  vehicle.  The  ap¬ 
pearance  of  the  satellites  is  similar  to  Insat  1.  The  solar  array  is 
deployed  only  from  the  south  face  of  the  satellite  in  order  to  allow 
a  clear  view  to  space  for  the  radiometer  thermal  radiator  on  the 
north  face.  A  solar  sail  on  a  boom  helps  to  balance  the  solar  radi¬ 
ation  pressure  on  the  array.  Both  the  sail  and  the  array  are  about 
50%  larger  than  those  on  Insat  I.  The  structure  of  the  satellite  is  a 
central  cy  linder  w  ith  four  panels  joining  the  cy  linder  to  the  exte¬ 
rior  faces  of  the  body.  The  two  large  reflectors  deployed  from  the 
east  and  west  faces  are  for  transmissions  from  the  communica¬ 
tions  and  broadcasting  payloads.  The  smaller  antenna  in  the  ven¬ 
ter  of  the  earth-viewing  face  if  for  reception  for  these  payloads 
and  transmissions  for  the  radiometer,  data  relax,  and  search  and 


rescue  payloads.  The  smaller  antenna  in  the  corner  of  the  earth¬ 
viewing  face  is  for  the  reception  for  the  latter  two  payloads. 
Additional  information  on  Insat  II  is  as  follows: 

Satellite 

Rectangular  body.  6.3  x  5.6  x  5.7  ft.  75-ft  span  of  solar  array  and 
solar  sail 

Approximately  2300  lb  in  orbit,  beginning  of  life 
Sun-tracking  solar  array  and  NiCd  batteries.  1 1 80  W  at  end  of  life 
in  sunlight,  only  partial  payload  operation  during  eclipse  through 
life 

Three-ax is-stabilized  using  two  momentum  wheels,  one  reaction 
wheel,  and  magnetic  torquers;  pointing  accuracy  0.2  deg  (roll  and 
pitch),  0.4  deg  (yaw) 

Unified  bipropellant  propulsion  for  apogee  maneuver  and  on-or¬ 
bit  use 

Configuration 

Communications  (COM):  twelve  36-MHz  bandwidth  single-con- 
version  transponders  (for  colocated  satellites,  one  has  ten  36- 
MHz.  bandwidth  transponders  with  center  frequencies  20  MHz 
above  the  other  satellite  transponders,  plus  two  27-MHz  band¬ 
width  transponders)  plus  another  set  of  six  36-MHz  bandwidth 
single-conversion  transponders  (same  frequencies  on  both  satel¬ 
lites),  frequency  reuse  by  opposite  polarizations  on  colocated  sat¬ 
ellites 

Broadcasting  (BR):  two  36-MHz  bandwidth  single-conversion 
transponders 

Data  relay  (DR):  one  transponder 

Search  and  rescue  (SAR):  one  transponder 

Radiometer  (RA):  transmission  of  data  from  onboard  radiometer 

Transmitter 

COM:  3705  to  4185  MHz  (3725  to  4185  MHz  on  alternate  colo¬ 
cated  satellite)  and  4510  to  4750  MHz 

One  8-W  solid-state  amplifier  per  transponder  in  the  lower 
band  (transponders  I  to  12).  two  8-W  solid-state  amplifiers 
summed  and  one  spare  per  transponder  (transponders  13. 


14).  one  8-W  solid-state  amplifier  per  transponder  plus  one 
spare  per  two  transponders  ( transponders  1 5  to  18) 

ERP  32  dBW  (34  dBW  for  transponders  13.  14)  minimum 
per  transponder  over  the  primary  coverage  area  (approxi¬ 
mately  80%  of  India) 

BR:  2550  to  2630  MHz. 

Two  active  50-W  TWTAs  plus  one  spare 
ERP42-dBW  minimum  per  transponder  over  the  primary 
coverage  area 
DR:  4504.2  MHz 
SAR:  approximately  4508  MHz 

One  active  plus  one  spare  800-mW  solid-state  amplifier 
serves  both  DR  and  SAR 
RA:  4501.5  MHz 

One  active  plus  one  spare  800-mW  solid-state  amplifier 

Receiver 

COM:  5930  to  6410  MHz  (5950  to  6410  MHz  on  alternate  colo¬ 
cated  satellite)  and  6735  to  6975  MHz 

One  active  plus  one  spare  receiver  for  each  of  the  two  receive 
bands 

BR:  5850  to  5930  MHz 

One  active  plus  one  spare  receiver 
DR:  402.75  MHz 

One  active  plus  one  spare  receiver 
SAR:  406.024  MHz 

One  active  plus  one  spare  receiver 

Antenna 

Two  5.8-  x  5.8-ft  deployed  parabolic  reflectors  (square  except  for 
rounded  corners)  for  COM  and  BR  transmissions,  linear  polariza¬ 
tion  (opposite  polarizations  on  colocated  satellites) 

One  3 -  ft  parabolic  antenna  for  COM  and  BR  reception  and  DR. 
SAR.  and  RA  transmissions  (reception  on  opposite  polarizations 
on  colocated  satellites) 

One  29-in.  short  backfire  antenna  for  DR  and  SAR  reception 

Design  life 

Seven  years 


Instil  II  i  tmimiinicaiioii  subsystem 


Orbit 

S\  nchmnous  equatorial,  stationkeeping  to  ±0. 1  N-S  and  E-W 
Colocated  satellites  separated  0.05  to  0.1  deg  at  74°E  longitude, 
third  satellite  at  8.VE  or  93.5'E  longitude 

Orbital  history 

II A:  launch  scheduled  early  1992 
1 1 B :  launch  scheduled  late  CM 2 
11C.  launch  schedule  uncertain 
Ariane  launch  vehicle  tor  UA  to  IlC 

Management 

Developed  in  India  for  Indian  Department  of  Space 
Operated  by  Department  of  Space 


The  first  two  Insat  II  satellites  are  designated  test  satellites,  but 
their  designs  are  identical  to  the  next  three,  which  are  operational 
satellites.  They  will  work  w  ith  the  same  types  of  ground  terminals 
currently  using  Insat  I  satellites. 
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CHINA 

Chinese  experience  with  satellite  communications  1 1  - 1 7 1  start-  Approximately  930  lb  in  orbit  (STW-1.  -2).  1012  lb  (STW-3.  -4) 


ed  in  1974  w  ith  the  Intelsat  system.  Their  ground  terminal  was 
manufactured  outside  China  but  assembled  by  the  Chinese.  In 
1978  to  1979.  China  conducted  experiments  using  the  Symphonie 
satellite.  The  experiments  included  digital  and  analog  voice  trans¬ 
mission.  television  and  facsimile  transmission,  and  clock  syn¬ 
chronization.  Communications  and  propagation  experiments 
were  conducted  in  1983  to  1984  using  the  Sirio  satellite. 

In  1978.  there  were  reports  that  China  would  launch  its  own 
communications  satellite  in  1981.  From  1978  to  1980.  Chinese 
delegations  made  several  visits  to  the  United  States  and  western 
Europe  to  discuss  the  purchase  of  communications  and  broadcast¬ 
ing  satellites.  However,  in  1981  end  1982.  China  announced  that 
these  plans  would  be  postponed  because  of  the  country's  econom¬ 
ic  situation.  In  1983.  China  leased  an  Intelsat  transponder  to  be¬ 
gin  a  domestic  communications  network.  In  1984.  China 
launched  its  own  communications  satellite,  apparently  the  one 
originally  scheduled  for  1981.  An  improved  satellite  was 
launched  in  1986.  Also  in  1986.  they  purchased  two  Intelsat 
hemispheric  beam  transponders  under  Intelsat's  new  program  of 
selling  excess  capacity. 

The  Chinese  communication  satellites  are  named  Shiyan 
Tongxin  Weixing  (STW).  which  means  experimental  communi¬ 
cation  satellite.  Generally,  the  satellite  launched  in  April  1984  is 
considered  the  first  Chinese  communications  satellite,  or  STW- 1. 
However,  some  references  count  from  the  satellite  launched  in 
January  1984.  which  did  not  reach  synchronous  orbit.  Since  April 
1984,  four  more  communications  satellites  have  been  launched 
by  China.  STW-1  and  STW-2  are  sometimes  designated  DFH  2 
(Dong  Fang  Hong,  the  east  is  red),  and  the  latter  three  DFH  2 A. 
(DFH  I  was  apparently  an  early  launch  into  low  orbit  which  was 
not  a  communications  satellite.)  Beginning  with  the  DFH  2A  des¬ 
ignation.  the  name  Chinasat  is  sometimes  used,  perhaps  to  indi¬ 
cate  a  departure  from  the  experimental  status  indicated  by  STW. 

The  STW  satellites  are  spin-stabilized  with  a  communications 
antenna  on  a  despun  mast  along  with  antennas  for  command  and 
telemetry.  The  STW-1  communications  antenna  was  a  horn,  the 
following  satellites  have  reflector  antennas.  Satellite  features  in¬ 
clude  the  following:  those  attributed  to  the  third  and  fourth  satel¬ 
lites  are  probably  also  representative  of  the  fifth. 

Satellite 

Cylindrical  body  approximately  8-ft  din.,  approximately  5  -  ft 
height:  height  including  antenna  approximately  10  ft 


Solar  arrays  and  NiCd  batteries,  approximately  270  W  (STW-1. 
-2),  300  W  (STW-3 -4) 

Spin-stabilized 

Configuration 

Two  (or  three?)  transponders,  approximatelv  36-MHz  bandwidth 
(STW-1. -2) 

Four  transponders.  36-MHz  bandwidth  (STW-3.  -4) 

Transmitter 

Approximatelv  4  GHz 

One  TWTA  per  transponder.  5  to  8  W  (STW-1 ).  8  W  (STW-2) 
Two  10-W  TWTAs  and  two  solid-state  amplifiers  (STW-3.  -4) 
ERP  23.4/34.5/36  dBW  peak  (STW- 1/-2/-3.  -4).  32  dBW  over  all 
of  China  (STW-3.  -4) 


Receiver 

Approximately  6  GHz.  G/T  -6  to  -9  dB/K 

Antenna 

Earth  coverage  horn  (STW-1 ) 

2.5-  x  4-t't  reflector,  beamwidth  approximately  4.5  x  7  deg  (STW 
-2.  -3. -4) 

Linear  polarization 

Orbit 

Synchronous  equatorial,  stationkeeping  to  approximately  0.5° 
E-W  (STW-1.  -2).  stationkeeping  to  0.1°E-W  and  N-S  (STW-3. 
-4) 

Orbital  history 

1 :  launched  8  April  1 984,  1 30°E  longitude,  in  use  after  four  years, 
perhaps  still  in  use  in  1990.  inclination  increased  to  3.6  deg  by 
end  of  1 990 

2:  launched  1  February  1986.  approximately  85°E  longitude,  per¬ 
haps  still  in  use  in  1990.  inclination  increased  to  2.3  deg  by  end  of 
1990  and  E-W  stationkeeping  relaxed 
3:  launched  7  March  1988.  88°E  longitude,  probably  in  use 
4:  launched  22  December  1988.  1 10°E  longitude,  apparently  in 
use 

5:  launched  4  February  1990.  98°E  longitude,  apparently  in  use 
Long  March  3  launch  vehicle 

The  satellites  are  launched  by  a  three-stage  Chinese  launch  ve¬ 
hicle.  The  launch  vehicle  name.  Long  March,  commemorates  a 
long  march  taken  by  the  Chinese  communist  army  in  1934  to 
1935  from  southeast  to  northwest  China.  The  restartable  third 
stage  uses  cryogenic  hydrogen  and  oxygen  and  provides  all  the 
perigee  impulse  and  possibly  some  of  the  apogee  impulse  re¬ 
quired  to  place  the  satellites  in  synchronous  orbit.  The  third  stage 
malfunctioned  during  the  January  1984  launch  and  left  the  satel¬ 
lite  in  a  250-  x  3600-nmi  orbit.  The  entire  launch  vehicle  is  re¬ 
ported  to  be  fully  successful  in  all  subsequent  launches.  It  has 
been  advertised  for  use  by  other  nations  and  has  attracted  interest 
from  several.  In  1990.  it  was  used  for  the  first  time  to  launch  a 
non-Chinese  communications  satellite. 

The  STW-1  and  STW-2  satellites  were  mainly  used  for  exper¬ 
iments,  with  a  moderate  amount  of  operational  traffic  on  the 
leased  and  purchased  Intelsat  transponders.  The  DFH-2A  series, 
starting  with  STW-3.  is  considered  a  new  phase,  with  operational 
traffic  split  between  the  Chinese  and  the  Intelsat  satellites.  The 
traffic  includes  both  telephony  and  television,  the  latter  for  educa¬ 
tion  and  training.  In  the  eastern,  coastal  regions  of  China,  terres¬ 
trial  communications  are  well  established,  and  the  satellites  are 
supplementary.  In  contrast.  8()9f  of  the  land  area  of  China  is 
mountains  and  deserts,  where  terrestrial  communications  are  very 
limited.  In  this  part  of  the  country,  satellites  are  the  primary 
means  of  communications. 

The  ground  network  began  with  about  thirty  terminals  having 
antenna  diameters  of  20  to  40  ft.  By  1990.  the  number  had  grown 
to  about  130.  These  terminals  are  primarily  for  voice  communica¬ 
tions.  Another  300  to  500  terminals  with  smaller  antennas  are  be¬ 
ing  installed  for  low  rate  data  communications.  At  the  end  of  the 
1980s.  over  2000  terminals  for  telev  ision  reception  were  in  use. 
and  four  simultaneous  programs  were  being  transmitted  through 
the  STW  satellites.  The  number  of  these  terminals  is  expected  to 
grow  to  12.000;  the  typical  antenna  diameter  is  20  ft. 


Between  1984  and  1988.  there  were  many  reports  about  Chi¬ 
na's  interest  in  larger  communication  satellites,  perhaps  moving 
from  4  to  6  GHz  to  12  and  14  GHz,  and  in  television  broadcast 
satellites.  Chinese  delegations  visited  satellite  manufacturers  in 
the  United  States  and  Europe.  By  1990,  the  plan  seems  to  be  a 
DFH-3  series  of  satellites  built  in  China  with  some  equipment 
supplied  by  other  nations,  primarily  Germany.  The  goal  of  this  se¬ 
ries  is  to  handle  all  domestic  needs  for  satellite  communications. 
These  satellites  will  have  twenty-four  36-MHz  bandwidth  tran¬ 
sponders  in  the  4-  and  6-GHz  bands;  the  earliest  a  launch  will  oc¬ 
cur  is  1992. 
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ARABSAT 


The  League  of  Arab  States  began  considering  a  regional  satel¬ 
lite  communications  system  [l-9|  in  1967.  In  1974.  the  Arab 
states  agreed  to  form  the  Arab  Satellite  Communications  Organi¬ 
zation.  It  came  into  existence  at  the  end  of  1976,  and  has  twenty- 
two  member  nations.  Saudi  Arabia  has  about  a  3 59r  investment 
share  in  Arabsat:  other  shares  vary  between  0. 1%  and  14%.  At  its 


formation,  technical  and  administrative  committees  began  prepa¬ 
ratory  work  for  the  Arabsat  system.  The  objective  of  the  system  is 
to  promote  economic,  social,  and  cultural  development  in  the 
Arab  world  by: 

•  Providing  reliable  communication  links  between  Arab 
states. 

•  Providing  communications  in  rural  areas. 

•  Developing  Arab  industrial  capabilities  in  space-related 
technologies. 

•  Introducing  new  communications  services  such  as  video 
conferencing,  facsimile,  and  remote  printing  of  newspapers. 

Within  the  area  served  by  Arabsat.  it  is  easier  to  establish  sat¬ 
ellite  links  than  terrestrial  links  because  of  the  great  distances  and 
large  deserts. 

The  Arabsat  Organization  decided  to  purchase  satellites, 
launch  services,  and  major  ground  facilities  internationally,  but  to 
try  to  develop  some  ground  equipment  within  the  Arab  nations. 
This  work,  plus  training  to  operate  and  maintain  the  system,  w  ill 
fulfill  the  third  objective  delineated.  Two  satellite  proposals  re¬ 
ceived  in  1980  in  response  to  Arabsat's  request  were  rejected.  A 
modified  request  was  issued,  and  five  proposals  were  received, 
two  each  from  the  United  States  and  Europe  and  one  from  Cana¬ 
da.  A  contract  was  awarded  in  May  1981  for  three  satellites,  two 
to  be  launched  plus  a  ground-based  spare. 

The  Arab  satellite  was  developed  by  a  team  of  European  and 
United  States  companies.  It  includes  equipment  used  for  other 
satellites,  particularly  Intelsat  V  and  Telecom  I.  It  is  a  three-axis- 
stabilized  design  with  solar  arrays  and  antennas.  The  solar  arrays 


are  partially  deployed  in  the  transfer  orbit,  in  w  hich 
/  three-axis  stabilization  is  used.  The  antennas  are 
deployed  in  synchronous  orbit.  The  body  is  assem¬ 
bled  in  modules.  The  north,  south,  and  earth-viewing 
faces  hold  the  communication  subsystem  and  thermal  radia¬ 
tors.  The  other  three  faces  hold  support  equipment  and  the  two 
large  antennas.  A  central  cylinder  is  a  structural  complement  to 
the  main  rectangular  structure  and  contains  the  bipropellant  pro¬ 
pulsion  subsystem.  The  command  subsystem  includes  a  decryp- 
tor  to  prevent  unauthorized  parties  from  controlling  the  satellite. 
The  satellite  details  are  as  follows: 

Satellite 

Rectangular  body.  87  x  60  x  63  in.,  east-west  span  with  antennas 
deployed  approximately  18-1/2  ft.  span  of  deployed  solar  arrays 
69  ft 

1500  lb  in  orbit,  beginning  of  life 

Sun-tracking  solar  arrays  and  batteries.  1300  W  minimum  at  end 
of  life 

Three-axis  stabilization  using  momentum  wheels.  ±0.1 -deg  an¬ 
tenna  pointing  accuracy 

Unified  bipropellant  propulsion  for  apogee  maneuver  and  on- 
orbit  use 

Configuration 

C'-band:  twenty-five  33-MHz  bandwidth  repeaters 
C/S-band:  one  33-MHz  bandw  idth  repeater 
Dual-polarization  frequency  reuse  in  C-band 

Capacity 

C:  8000  voice  circuits  plus  seven  TV  signals 
CIS:  one  TV  sienal 


Arabsat  service  area. 


Transmitter 

C:  3700  to  4198  MHz.  8.5-W  output  per  repeater.  3 1  dBW  mini¬ 
mum  ERP  per  repeater  at  edge  o.'  coverage 
C/S:  2560.3  or  2634.5  MHz,  switchable  by  ground  command,  ap¬ 
proximately  80-W  output  via  summing  any  two  of  three  50- W 
TWTs.  41  dBW  minimum  ERP  at  edge  of  coverage 

Receiver 

C:  5945  to  6423  MHz 

C/S:  5927  to  5960  MHz 

G/T  >7.5  dB/K  over  coverage  area 

Antenna 

One  offset-fed  parabolic  reflector  for  C-band  transmit.  56-in. 
square  with  rounded  corners:  thirteen  feed  horns;  23  dB  gain  at 
edge  of  coverage,  circular  polarization 

One  offset-fed  parabolic  reflector  for  C-band  reception.  51-in.- 
dia..  seventeen  feed  horns,  23  dB  gain  at  edge  of  coverage,  circu¬ 
lar  polarization 

One  planar  slotted  waveguide  array  for  S-hand  transmit.  31  x  47 
in..  22.7  dB  gain  at  edge  of  coverage,  linear  polarization 

Design  life 

Seven  years 

Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0. 1°N-S  and  E-W 

Orbital  history 

I  A:  launched  8  February  1984.  19°E  longitude 
Ariane  launch  vehicle 

IB:  launched  17  June  1984  (deployed  from  Shuttle  18  June). 
26?E  longitude 

Shultle/PAM-D  launch  vehicle 
1C:  launch  scheduled  early  1992 
Ariane  launch  vehicle 

Management 

Developed  for  Arab  SateM'te  Communications  Organization  (Ar- 
absat)  by  Aerospatiale  win  Ford  Aerospace  and  Communication 
as  a  major  subcontractor 

Operated  by  Aerospatiale  for  two  years,  then  by  Arabsat 


The  Arabsat  communication  subsystem  uses  the  4-  and  6-GHz 
frequency  bands,  plus  one  downlnk  near  2.5  GHz.  The  uplink 
consists  of  thirteen  33-MHz  bandwidth  channels  spaced  37  MHz 
center-to-center  on  each  of  two  polarizations.  They  are  received 
via  the  circular  6-GHz  antenna  and  fed  to  redundant  receivers. 
Twenty-five  channels  are  retransmitted  at  4  GHz  using  the  square, 
deployed  antenna.  The  other  channel  may  be  switched  to  either  of 
two  frequencies  near  2.6  GHz  and  is  transmitted  through  the  rect¬ 
angular  planar  antenna  on  the  earth-viewing  face  of  the  satellite 
body.  The  switchable  frequencies  allow  this  channel  to  be  used  on 
both  orbiting  satellites  without  any  potential  for  mutua'  interfer¬ 
ence. 

In  late  1981.  a  temporary  problem  arose  concerning  whether 
or  not  the  United  States  subcontractor  would  be  granted  an  export 
permii  or  the  equipment  it  was  developing.  The  rationale  was 
that  Libya  and  South  Yemen,  considered  unfriendly  to  United 
States  interests,  w’ere  part  of  Arabsat.  and  that  the  satellite  might 
have  a  military  use.  Within  six  months,  the  issue  was  resolved  in 
favor  of  the  export  permit.  Satellite  development  continued  and 
two  satellites  were  launched  in  1984.  one  each  by  Ariane  and  the 
Shuttle.  The  first  satellite  experienced  solar  array  deployment 
problems,  which  were  overcome,  and  attitude  control  problems, 
corrected  by  switching  to  a  redundant  unit.  Both  satellites  are  op¬ 
erational  although,  normally,  only  one  will  be  active. 

The  4/6-GHz  transponders'  -^location  was  ten  to  international 
telephony  using  FDM/FM/FDM  A.  two  to  international  telephony 
using  SCPC/FM/FDMA.  one  for  international  television  distribu¬ 
tion.  three  for  emergency  communications,  and  nine  for  domestic 
use  by  Arabsat  members.  The  one  2.5-GHz  channel  was  planned 
for  television  broadcasting,  primarily  for  community  reception. 
All  television  transmissions  use  FM.  International  transmissions 
are  between  terminals  supplied  by  the  members,  typically  one  pt. 
member,  with  a  36- ft  antenna.  Smaller  transportable  terminals 
also  may  be  used.  The  2. 6-GHz  television  reception  terminals 
may  have  8-lt  antennas.  Arabsat  had  two  control  terminals  built, 
each  with  two  antennas.  The  primary  one  is  in  Riyadh.  Saudi  Ara¬ 
bia;  the  alternate  is  in  Tunis.  Tunisia.  The  satellite  contractor  was 
responsible  lor  satellite  control  for  the  first  two  years,  during 
which  it  would  train  Arabsat  personnel  in  satellite  operations. 
This  control  contract  was  extended  into  a  third  year:  subsequent¬ 
ly.  satellite  control  has  been  done  by  citizens  of  Arab  nations. 
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Although  the  Arabsat  system  had  great  promise,  during  the 
tirst  live  years  after  launch  the  satellites  were  underutilized.  By 
1989.  approximately  one-third  of  the  capacity  of  one  satellite  was 
in  use.  mostly  for  telephony.  Several  reasons  contributed  to  this 
underutilization.  One  is  that  satellite  charges  are  no  less  than 
those  of  Intelsat,  giving  no  incentive  to  move  traffic  from  Intelsat 
to  Arabsat.  Another  is  that  some  Arab  nations  built  and  are  build¬ 
ing  new  terrestrial  communications  facilities  which  divert  traffic 
from  Arabsat.  A  third  reason  is  that  Egypt  was  expelled  from  the 
Arab  League  in  1979  for  signing  the  Camp  David  agreements 
with  Israel.  Although  later  returned  to  membership.  Egypt  never 
made  the  expected  large  use  of.  and  investment  in.  Arabsat. 
Through  1989.  the  2.5-GHz,  television  broadcasting  capability 
had  not  been  used  at  all,  because  there  was  no  agreement  on  pro¬ 
gramming  that  could  be  acceptable  to  all  the  member  nations.  The 
disagreements  were  both  political  and  religious. 

Because  of  the  underutilization.  Arabsat  revenues  are  far  be¬ 
low  past  expectations.  Hence,  the  organization  is  working  to 
maximize  the  lifetimes  of  the  two  satellites  in  orbit  w  hile  encour¬ 
aging  additional  uses  to  boost  revenues.  The  third  satellite  is  in 
storage  on  the  ground  and  is  scheduled  to  be  launched  in  1992. 
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BRAZIL 


Long-distance  communications  in  Brazil  were  transformed 
from  primitive  to  modern  between  1965  and  1985.  In  1965.  when 
Brazil  joined  Intelsat  and  created  the  state-owned  Empresa 
Brasileirodc  Telecomunicacoes  (Embratel).  high-frequency  radio 
was  the  common  long-distance  transmission  medium.  In  1969. 
Brazil  started  using  Intelsat  for  international  links.  By  1972.  a 
new  microwave  system  linked  major  Brazilian  cities,  but  tropos- 
catter  w  as  the  means  for  communicating  w  ith  most  interior  points 
of  the  country.  Some  satellite  communication  experiments  were 
conducted  in  the  early  1970s  using  ATS  3.  Domestic  satellite 
communications  started  in  1974  with  a  leased  Intelsat  transpon¬ 
der  and  two  earth  terminals.  By  1979.  the  system  had  expanded  to 
2.5  transponders  and  six  terminals.  In  another  live  years,  it  had 
expanded  to  seven  transponders  and  over  200  terminals,  most  lor 
telev  ision  reception.  In  the  mid-1970s,  the  government  requested, 
and  received,  proposals  for  its  own  satellite  but  then  cancelled  the 
project  for  economic  reasons.  However,  as  the  use  of  Intelsat  in¬ 
creased.  the  economics  of  the  domestic  satellite  became  better, 
relative  to  the  lease  costs.  In  addition,  a  dedicated  satellite  would 
provide  greater  operational  flexibility.  Therefore,  in  1981.  a  new 
set  ol  proposals  was  received,  and  in  the  next  year  a  satellite  de¬ 
velopment  contract  was  awarded.  The  satellite  is  a  part  of  the 
Sistema  Brasilciro  de  Telecomunicacoes  por  Satellite  (SITES), 
more  commonly  called  Brasilsat  1 1  - 7 1. 

The  satellite  is  a  spin-stabilized  design  used  for  manv  other 
domestic  satellites.  The  solar  panel  consists  ol  two  cylinders;  the 
outer  one  surrounds  the  inner  for  minimum  size  during  launch 
and  is  deployed  in  orbit  A  thermal  radiator  occupies  the  middle 
portion  of  the  inner  solar  panel,  within  which  is  the  basic  siruc- 
ture  ol  the  satellite  Support  subsystems  are  mounted  on  the  struc¬ 


ture.  which  includes  a  central  bearing  and  motor  to  despin  the 
communication  subsy  stem  equipment  shelf.  The  antenna  is  in  an 
open  area  at  the  top  of  the  inner  solar  panel  at  launch  and  is  rotat¬ 
ed  to  its  operating  position  when  the  satellite  reaches  synchro¬ 
nous  orbit. 

The  communication  subsy  stem  has  twenty-four  repeaters.  The 
4-  and  6-GHz  frequency  bands  are  used,  with  dual-polarization 
frequency  reuse.  An  array  of  feed  horns,  in  combination  with  the 
large  reflector,  form  a  beam  optimized  for  coverage  of  Brazil.  The 
receivers  and  transmitters,  and  their  redundancy  arrangements, 
are  the  same  as  on  other  modern  satellites  that  use  the  same  fre¬ 
quency  band.  The  satellite  details  are  as  follow  s: 

Satellite 

Cylinder.  85-in.  dia..  1 16-in.  height  (stowed).  23-ft  height  (de¬ 
ployed  ) 

1470  lb  in  orbit,  beginning  of  life 

Solar  cells  and  NiCd  batteries.  985  W  beginning  of  life.  800  \V 
alter  eight  years 

Spin-stabilized,  gyrostat,  approximately  60-rpm  spin  rate,  anten¬ 
na  pointing  accuracy  ±0.05  deg 

Solid  rocket  motor  for  apogee  maneuver  and  hydrazine  propul¬ 
sion  for  on-orbit  use 

Configuration 

Twenty -four  36-MHz  single-conversion  repeaters,  dual  polariza¬ 
tion  frequency  reuse 


Transmitter 

3702  to  4  1 9X  MHz 


I  Five  9-W  TWTs  for  each  group  of  four  repeaters 
ERP  34  dBW  per  repeater  over  >90%  of  Brazil 

Receiver 

5927  to  6423  MHz 

Four  receivers  (two  active,  two  spare) 
i  G/T  >-4  dB/K 

Antenna 

Two  71 -in. -ilia,  parabolic  reflectors  sharing  the  same  aperture  us¬ 
ing  orthogonal  linear  polarizations,  beam  shaped  to  Brazil.  27-dB 
gain  over  >90%  of  the  country.  >24-dB  gain  everywhere,  fifteen 
feed  horns 

Design  life 

Eight  years 

Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0.1°  (or  better)  N-S 
and  E-W 

Orbital  history 

1:  launched  8  February  1985.  in  use.  65°W  longitude 
2:  launched  28  March  1986.  spare,  70°W  longitude 
Ariane  launch  vehicle 

Management 

Developed  by  Spar  Aerospace  for  Embratel 
Operated  by  Spar  Aerospace  for  six  months,  then  by  Embratel 

The  satellites  are  controlled  from  a  system  operations  center  in 
Rio  de  Janeiro.  Much  of  the  satellite  control  equipment  was  pro¬ 
vided  by  the  satellite  contractor,  who  operated  the  satellites  for 
their  first  six  months  in  orbit  while  training  Brazilian  operators. 
Primary  uses  of  the  satellites  are  long-distance  telephony  and 
television  distribution.  Telephony  between  major  cities  uses 
FDM/FM.  but  other  telephony  and  data  links  use  SCPC/FM.  The 
two  satellites  have  been  underutilized,  w  ith  the  second  being  used 
for  occasional  tests  only.  About  half  of  the  first  satellite  is  used  for 
telephony  and  the  other  half  split  between  television  networks, 
teleconferencing  and  spare  repeaters,  plus  one  repeater  for  mili¬ 
tary  use.  Reasons  for  the  underutilization  are  at  least  twofold. 
One  is  that  Embratel  is  a  monopoly  with  strict  control  of  satellite 
use.  w  hich  prevents  the  development  of  the  many  commercial  ap¬ 
plications  which  have  flourished  in  some  countries.  The  other  rea¬ 
son  is  that  the  social  ministries  in  the  government  were  not 
involved  in  planning  for  the  use  of  the  satellites  and  now  still  lack 
the  budget  and  expertise  to  dev  elop  social  applications. 

Brazilian  content  of  its  first  earth  terminals,  in  the  1970s.  was 
small.  Guided  by  a  definite  intention  to  be  self-sufficient  in  space- 
related  technologies.  Brazil  became  almost  entirely  self-sufficient 
in  earth  terminal  manufacturing  in  the  first  half  of  the  1980s.  Be¬ 
cause  of  the  limitations  mentioned  above  on  use  of  the  satellites, 
the  number  of  terminals  has  grow  n  slow  ly. 

In  1989.  Brazil  concluded  a  competition  for  its  second  genera¬ 
tion  of  satellites  and  announced  its  choice  of  contractor  and 
launch  vehicle.  The  contractor  is  the  same  one  that  built  the  first 
two  satellites.  The  second-generation  satellites  were  stated  to 
have  twenty-eieht  repealers  at  4  and  6  GHz  plus  one  at  7  and  8 
GHz  for  the  Brazilian  military. 

By  the  beginning  of  1991.  construction  of  the  satellites  had  not 
started.  The  delay  was  due  to  extended  negotiations  on  the  satel¬ 
lite  configuration  and  offset  work  to  Brazilian  contractors  and  to 


problems  in  arranging  financing.  Construction  was  expected  to 
begin  in  1991.  with  the  lirst  launch  in  1994  and  the  second  in 
1995. 
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3700-4200 


Vertical 

polarization 
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Brasil sat  communication  subsystem. 


Same  as  above 
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MEXICO 


Mexico  started  domestic  use  of  satellite  communications  in 
1980,  by  leasing  Intelsat  capacity  on  a  satellite  that  was  moved  to 
53°W  longitude  to  provide  domestic  services  for  Western  Hemi¬ 
sphere  nations.  Mexico  also  owns  one  transponder  on  a  United 
States  domestic  satellite  that  is  used  for  transmission  of  television 
to  the  United  States.  In  the  spring  of  1983,  a  contract  was  award¬ 
ed  for  construction  of  a  Mexican  domestic  communications  satel¬ 
lite  1 1-6).  This  satellite,  and  the  system  of  which  it  is  a  part,  is 
called  Morelos,  in  honor  of  an  important  person  in  Mexican  histo¬ 
ry- 

The  satellite  shares  the  same  design  as  many  others,  e.g.,  Anik 
C.  SBS.  Westar  IV.  Talapa  B,  and  Aussat.  It  is  launched  as  a  com¬ 
pact  cylinder.  In  synchronous  orbit  the  extra  solar  array,  which 
surrounds  the  main  body  at  launch,  is  deployed  along  three  tracks 
mounted  around  the  main  body.  Also,  the  antenna  assembly  is  un¬ 
folded  from  its  launch  position  against  one  end  of  the  body.  The 
large  reflector  and  its  feed  horns  are  attached  to  an  equipment 
shelf  upon  which  the  communications  electronics  are  mounted. 
This  shelf  is  despun  to  maintain  the  proper  east-west  antenna 
pointing.  North-south  pointing  is  accomplished  by  a  motor  locat¬ 
ed  at  the  hinge  where  the  reflector  is  attached  to  the  satellite. 
Pointing  information  is  obtained  by  tracking  a  6-GHz  beacon 
transmitted  from  the  ground.  Equipment,  other  than  the  commu¬ 
nications  subsystem,  is  mounted  to  the  spinning  structure  of  the 
satellite. 

Among  all  the  satellites  of  this  design,  the  Mexican  satellite  is 
the  first  to  use  two  sets  of  communication  frequencies.  Most  4/6- 
GHz  domestic  communication  satellites  have  twelve  transpon¬ 
ders  on  each  polarization.  The  Mexican  satellite  has  twelve  tran¬ 
sponders  on  one  polarization  but  only  six  on  the  other.  The  six 
transponders  have  twice  the  bandwidth  (72  MHz)  of  the  twelve 
(36  MHz);  hence,  the  4/6-GHz.  spectrum  is  fully  used.  Neverthe¬ 
less.  the  reduction  in  4/6-GHz  transponders  allows  the  satellite  to 
carry  an  additional  payload — four  108-MHz  bandwidth  12/14- 
GHz  transponders.  This  combination  of  transponders  in  two  fre¬ 
quency  bands  maximizes  the  transponder  bandwidth  in  this  size 
satellite.  The  same  approach  is  used  by  another  manufacturer  in 
the  Spacenet  and  ASC  satellites. 

The  large  reflector  is  used  for  6-GHz  reception  and  4-  and  12- 
GHz  transmission.  Thirteen  feed  horns  are  used  for  vertical  polar¬ 
ization  reception,  including  both  communication  signals  and  the 
tracking  beacon.  Eight  horns  are  used  for  horizontal  polarization 
reception  and  dual-frequency  transmission.  The  multiple  feed 
horns  shape  the  beam  to  Mexican  geography.  The  beam  patterns 
for  both  transmission  frequencies  are  shown.  Reception  at 
14  GHz  is  through  a  planar  slotted  array  composed  of  thirty-two 
square  segments.  It  is  mounted  just  above  the  feed  horns  used 
with  the  large  reflector.  The  multi  frequency  reflector  and  planar 
array  replaced  the  initial  Morelos  design,  which  had  separate  4/6- 
GHz  and  12/14-GHz  reflectors.  The  satellite  and  payload  details 
are  as  follows: 

Satellite 

Cylinder.  85-in.  diu..  1 12-in.  (9  ft,  4  in.)  height  in  launch  configu¬ 
ration.  261 -in.  (21  ft  9  in.)  height  when  deployed 
Approximately  1465  lb  in  orbit,  beginning  of  life 
Solar  cells  and  NiCd  batteries.  940  W  beginning  of  life.  760  W 
after  ten  years 

Spin-stabilized,  gyrostat,  approximately  60  rpm  spin  rate,  anten¬ 
na  pointing  accuracy  ±0.05  deg 


Configuration 

4/6  GHz:  twelve  36-MHz  bandwidth  single-conversion  repeaters 
and  six  72-MHz  bandwidth  single-conversion  repeaters  on  or¬ 
thogonal  polarizations 

12/14  GHz:  four  108-MHz  bandwidth  single-conversion  repeat¬ 
ers 

Transmitter 

4/6  GHz:  37(H)  to  42(H)  MHz 


Seven  7-W  TWTs  lor  each  set  of  six  36- MH/  repeaters.  36- 
dBW  ERP  per  repeater  at  edge  of  coverage 
Eight  10.5-W  TWTs  for  the  six  72-MHz  repeaters.  39-dBW 
ERP  per  repealer  at  edge  of  cov  erage 
12/14  GH/:  11.7  to  12.2  GH/ 

Six  20- W  TWTs  for  the  four  repeaters.  44-dBW  ERP  per  re¬ 
peater  at  edge  of  cov  erage 

Receiver 

4/6  GH/:  5925  to  6425  MH/ 

Four  receivers  (two  on.  two  spare) 

FET  preamplifiers 
G/T  +  1  dB/K  ov  er  all  of  Mexico 
12/14  GH/:  14.0  to  14.5  GH/ 

Two  receivers  (one  on.  one  spare) 

FET  preamplifiers 
G/T  +1  dB/K  overall  of  Mexico 

Antenna 

4/6  GH/:  one  7 1  in.  dia.  offset-fed  parabola 
with  two  polarization  sensitive  surfaces, 
twenty-one  feed  horns  shape  beam  for  Mexi¬ 
can  coverage,  linear  polarization 
12/14  GHz:  shares  the  4/6-GH/  horizontal 
polarization  reflector  and  seven  of  eight  feed 
horns  for  transmission:  16-  x  40-in.  v  ertical 
polarization  planar  array  for  reception 
Edge  of  coverage  gain,  transmit  and  receive, 
both  frequency  bands,  is  29  to  32  dB 

Design  life 

Ten  years  (fuel  load  nine  years) 

Orbit 

Synchronous  equatorial,  stationkeeping  to 
±0.1°  (or  better)  N-S  and  E-W 

Orbital  history 

I:  launched  17  June  1985  (deployed  from 
Shuttle.  17  June).  1 13  W  longitude,  in  use 
2:  launched  26  November  1985  (deployed 
from  Shuttle.  27  November).  1 17  W  longi¬ 
tude 

Shuttle/PAM  launch  vehicle 

Management 

Developed  by  Hughes  Aircraft  Company  for 
Seeretaria  de  Comunicaciones  y  Transportes 
Operated  by  Seeretaria  de  Comunicaciones  y 
Transportes 

Morelos  I  was  launched  in  June  1985.  Al¬ 
ter  testing,  all  traffic  was  transferred  to  i( 
from  the  Intelsat  satellite.  Morelos  2  was 
launched  in  November  1985  and  put  intv)  a 
drifting  storage  orbit  just  above  synchronous 
altitude.  In  1986.  it  was  stabilized  at  1 16-deg 
longitude  in  an  orbit  with  a  few  degrees  incli¬ 
nation.  Thai  orbit  was  properly  phased,  so 
that  the  inclination  decreased  to  zero  by  1990 
tine  to  natural  forces.  This  live  years  of  orbit¬ 
al  strategy  was  the  best  choice  for  Morelos  2 


to  take  advantage  of  its  scheduled  launch,  yet  not  use  fuel  for  sta¬ 
tionkeeping  until  its  communication  capacity  is  required. 

The  Morelos  system  provides  services  to  both  urban  and  rural 
areas.  Urban  ureas,  cities  and  tow  ns  w  ith  populations  of  more 
than  2500.  have  existing  terrestrial  communications.  Morelos 
prov  ides  a  many-fold  capacity  increase  for  television,  trunk  tele¬ 
phony.  data  transmission,  and  private  networks.  Rural  areas  typi¬ 
cally  do  not  have  terrestrial  telephone  or  television  service. 
Morelos  can  prov  ide  these  plus  communications  for  health  care 
and  to  promote  the  dev  elopment  of  agriculture,  the  mining  and  oil 
industries,  and  tourism. 

The  control  center  for  Morelos  is  located  near  Mexico  City. 
About  230  4/6-GHz  earth  terminals  in  use  with  the  Intelsat  lease 
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were  transferred  to  Morelos.  Only  seven  had  transmission  equip¬ 
ment.  The  others  were  equipped  only  for  television  reception,  but 
the  equipment  for  two-way  telephony  can  be  added  easily.  Their 
number  w  ill  increase,  in  addition  to  many  other  earth  terminals  to 
receive  television  transmission  at  12  GH/.  The  12-GHz  terminals 
w  ill  have  l()-ft  antennas,  whereas  the  4/6-GHz  terminals  have  an¬ 
tenna  diameters  between  15  and  36  ft. 

After  three  years  of  operation,  the  first  satellite  w  as  used  much 
less  than  had  been  anticipated.  The  primary  use  was  television 
distribution:  secondary  uses  were  telephony,  data,  and  radio  pro¬ 
gram  distribution.  Several  causes  contributed  to  the  underutiliza¬ 
tion.  First,  although  many  worthwhile  uses  had  been  identified  in 
planning  the  Morelos  system,  detailed  work  to  implement  them 
had  not  been  done.  Second,  until  1 988  only  the  government  was 


allowed  to  own  earth  terminals,  and  its  budget  restrictions  did  not 
allow  it  to  buy  enough  to  increase  satellite  usage.  Some  private 
companies  bought  terminals  and  gave  them  to  the  government  in 
order  to  be  able  to  use  the  satellite.  Third,  the  government  agen¬ 
cies  responsible  for  social  uses  of  the  satellites  did  not  have 
enough  interest  or  budget  to  develop  anything.  Thus,  although  so¬ 
cial  uses  were  projected  to  require  3 (K4  of  the  satellite  capacity, 
only  one  health  care  project  was  operating.  Fourth,  some  govern¬ 
ment  agencies,  unable  to  cooperate  w  ith  the  satellite  operator,  ex¬ 
panded  their  terrestrial  communications  networks.  The  first  three 
of  these  causes  also  underlie  the  lack  of  utilization  of  the  Brazil¬ 
ian  satellite. 

Use  of  the  Morelos  system  is  increasing  slow  ly,  which  impacts 
the  planning  for  replacement  of  the  satellites.  Replacement 
launches  are  desirable  in  1994  to  1996  to  insure  continuity  of  ser¬ 
vice.  but  the  current  underutilization  reduces  revenues  and  dis¬ 
courages  the  investments  necessary  for  new  satellites.  In  the  fall 
of  1990.  a  request  for  proposals  was  issued  for  new  satellites:  and 
in  summer  1991.  a  contract  w  as  awarded,  and  it  was  announced 
that  two  Solidaridad  satellites  will  be  launched  in  1994. 
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Mexican  satellite  coverage,  (at  C-hand  transmit  coverage 
<  72  MHz  repeaters):  (hi  K-hand  transmit  coverage. 


AUSTRALIA  (AUSSAT) 


In  the  large  undeveloped  and  sparsely  populated  regions  of 
Australia,  means  of  communications  and  broadcasting  were 
either  unreliable  or  nonexistent.  Satellite  communications  can 
provide  the  needed  improv  ements  at  lower  cost  than  terrestrial  al¬ 
ternatives.  The  first  study  of  an  Australian  domestic  system  was 
conducted  in  1966.  In  1969,  Australia  began  routing  some  trans¬ 
continental  telephone  circuits  through  the  Intelsat  system.  During 
1970.  experiments  were  conducted  using  ATS  I  to  gather  data 
that  would  be  useful  in  planning  a  domestic  satellite  system. 


Studies  continued  through  the  1970s  1 1-3],  In  mid- 1979.  the 
government  made  a  decision  to  implement  a  system.  In  the  fall  of 
1979.  the  Canadian  Hermes  Satellite  (CTS)  was  used  for  demon¬ 
strations  of  telev  ision  broadcasting  to  small  terminals  at  numer¬ 
ous  locations.  Distribution  of  telev  ision  to  tills  isolated 
communities  began  in  1980  using  an  Intelsat  satellite.  Between 
mid- 1979  ami  April  1982.  satellite  specifications  were  developed, 
a  government-owned  operating  company  (Aussat  Proprietary 
Limited)  was  formed,  and  a  satellite  contract  was  signed. 
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Aussat  /\  satellite. 


The  satellites  were  originally  called  Aussats.  With  the  devel¬ 
opment  of  a  second  generation,  the  tirst  satellites  were  designated 
Aussat  A.  The  Aussat  A  design  |4-I8|  is  basically  the  same  as 
many  others,  e.g..  Anik  C.  Telstar  3.  Galaxy,  and  Palapa  B.  It  is  a 
dual-spin  satellite  with  a  deployable  solar  array.  Support  sub¬ 
systems  are  mounted  on  the  spinning  section,  and  the  communi¬ 
cation  subsystem  is  on  a  despun  platform.  The  three  dual- 
polari/.ed  reflectors  are  mounted  on  a  common  structure  which  is 
deployed  in  orbit. 

The  sateilite  has  transmit  antenna  beams  for  all  six  of  its  ser¬ 
vice  areas  and  receive  antenna  beams  for  national  and  Papua  New 
Guinea  (PNG)  coverage.  The  two  larger  reflectors  seen  in  the  sat¬ 
ellite  figure  are  used  for  PNG  and  spot  beams.  The  smallest  re¬ 
flector  is  used  for  national  beams. 

Aussat  A  has  fifteen  communications  transponders,  eleven  low 
power  and  four  high  power.  Because  of  the  two  types  of  transpon¬ 
ders  and  the  many  antenna  beams,  the  communication  subsystem 
has  many  switching  matrices.  The  receivers  all  cover  the  entire 
500-MH/  uplink  bandw  idth,  with  one  connected  to  each  of  the 
three  antenna  beams.  The  input  switch  for  Transponders  I 
through  8  connects  each  transponder  to  either  the  national  or 
PNCi  receiver  output.  The  uplinks  for  these  transponders  use  one 
polarization:  the  uplinks  for  Transponders  9  through  15  use  the 
other.  The  high-power  (30-W)  transmitters  and  their  redundancy 


switches  are  in  the  center  of  the  diagram;  the  low -power  ( 12-W) 
transmitters  are  in  the  upper  and  lower  parts  of  the  diagram.  Fol- 
low  ing  the  transmitters  are  the  output  switches,  which  connect 
each  transponder  to  one  antenna  beam.  The  transponders,  with  a 
bandwidth  of  45  MHz.  are  spaced  64  MHz  center-to-center  in 
each  polarization.  This  w  ide  spacing  was  necessary  to  make  the 
transponder  sw  itching  and  combining  hardware  practical.  In  sat¬ 
ellite  A3,  additional  feed  horns  were  added  to  form  a  Southwest 
Pacific  beam  as  an  alternative  to  the  PNG  beam.  Satellite  and 
communications  details  are  as  follows: 

Satellite 

Cylinder.  85-in.  dia..  1 )  I -in.  height  stowed.  260-in.  (21  ft  8  in.) 
height  deployed 

1430  lb  in  orbit,  beginning  of  life 

Solar  cells  and  NiCd  batteries,  approximately  1050  W  at  begin¬ 
ning  of  life,  approximately  860  W  minimum  at  end  of  life 
Spin-stabilized,  gyrostat,  antenna  pointing  to  ±0.05  deg  or  better 
Solid  rocket  motor  for  apogee  maneuver  and  hydrazine  propul¬ 
sion  for  on-orbit  use 

Configuration 

Fifteen  45-MHz.  bandwidth  single-conversion  transponders,  dual¬ 
polarization  frequency  reuse 

Transmitter 

1 2.254  to  12.748  GHz 

Eleven  active  plus  two  spare  transmitters  with  12-W  TWTs  for 
Transponders  1  through  6  and  9  through  13 
Four  active  plus  two  spare  transmitters  with  30-W'  TWTs  for 
Transponders  7.  8.  14.  15 

ERP  per  transponder  at  edge  of  coverage:  34/38  dBW  in  national 
beams  (2  to  3  dB  higher  over>905?  of  country)  41/45  dBW  in 
Papua  New  Guinea  beam.  29/34  dBW  in  southwest  Pacific  beam 
(A3  only),  38/42  dBW  in  spot  beams  (5  dB  higher  in  most  areas) 
(12/30-WTWT) 

Receiver 

14.002  to  14.496  GHz 

Three  active  plus  two  spare  receivers 

G/T  at  edge  of  coverage:  -3  dB/K  in  national  beams.  -  I  dB/K  in 
Papua  New  Guinea  beam 

Antenna 

Three  offset-fed  parabolic  reflectors:  one  24-in.  dia.  for  national 
beams  receive  and  transmit;  one  39-in.  dia.  for  Papua  New  Guin¬ 
ea  beam  and  southwest  Pacific  beam  (A3  only)  transmit  and 
northeast  and  southeast  spot  beams  transmit:  one  43-in.  dia.  for 
Papua  New  Guinea  beam  and  southwest  Pacific  beam  (A3  only) 
receive,  and  west  and  central  spot  beams  transmit;  all  use  linear 
polarizations;  32-dB  minimum  cross-polarization  isolation 

Design  life 

Ten  years  (fuel  load  for  eight  years) 

Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0.05°N-S  and  E-W 

Orbital  history 

Al:  launched  27  August  1985  (deployed  from  Shuttle.  27  Au¬ 
gust).  in  use  at  I60°E  longitude 

A2:  launched  26  November  1985  (deployed  from  Shuttle.  27  No¬ 
vember).  in  use  at  I56°E  longitude 
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Aussat  A  satellite  details. 


Shuttle/PAM-D  launch  vehicle 

A3:  launched  15  September  1987.  in  use  at  I64°E  longitude 
Ariane  launch  vehicle 

Management 

Developed  by  Hughes  Aircraft  Company  for  Aussat  Proprietary 
Ltd.,  a  government  corporation 
Operated  by  Aussat  Proprietary  Ltd. 

Aussat  categorizes  their  services  into  television  and  radio, 
voice  and  data,  and  offshore.  The  first  category  is  the  largest  and 
includes  broadcasting  to  homes,  distribution  to  network  stations 
and  closed-circuit  TV  systems,  and  transmission  of  news  from  re¬ 
mote  locations.  The  voice  and  data  category  includes  government 
communications  for  aeronautical  control  and  other  applications, 
the  public  telephone  network,  and  business  communications.  The 
offshore  category  is  the  transponders  leased  to  New  Zealand.  The 
transponders  connected  to  the  PNG  antenna  beams  were  planned 


for  domestic  telephony  and  broadcasting  under  the  direction  of 
the  PNG  government.  However,  they  have  not  been  used.  Switch¬ 
es  and  feed  horns  added  to  the  A3  satellite  allow  use  of  these  tran¬ 
sponders  on  a  southwest  Pacific  beam.  This  beam  is  in  use  for 
domestic  communications  in  New  Zealand.  Technically,  it  can  be 
used  for  communications  between  Australia  and  New  Zealand, 
but  Australia's  policy  is  to  Use  Intelsat  for  international  satellite 
communications. 

The  home  broadcasting  uses  the  high-power  transponders  and 
spot  beams.  Home  receivers  with  4-  to  5-ft  antennas  can  receive 
one  television  and  three  radio  programs.  This  broadcasting  is 
aimed  at  the  more  than  one  million  people  who  have  poor  quality 
or  no  television  service.  Aussat  has  earth  terminals  in  all  the  ma¬ 
jor  cities  for  voice  and  television  transmissions.  Voice  signals  are 
SCPC/CFM  for  low  density  and  2  Mbps  QPSK  for  high  density. 
By  1988.  about  350  other  earth  terminals  were  in  use;  some  are 
for  government  communications  but  more  are  private  terminals 
for  business  communications.  Antenna  sizes  vary  from  8  to  43  ft. 
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NA,  NB  National  A,  B 
PNG  Papua  New  Guinea 

SE  Southeast  spot 

NE  Northeast  spot 

C  Central  spot 

W  West  spot 

SWP  Southwest  Pacific 

(satellite  A3  only) 

(H)  Horizontal  polarization 
(V)  Vertical  polarization 


Aiissut  A  ( omnuiiiicalion  .subsystem. 


About  2000  terminals  are  used  for  television  reeeption  by  organi¬ 
zations.  and  thousands  more  are  used  at  homes.  All  of  these  earth 
terminals  are  built  in  Australia. 

Three  satellites  were  built:  two  were  launched  in  1085  and  are 
in  use.  Their  capacity  was  all  assigned  before  launch  due  to  a 
surge  in  demand  as  the  system  neared  operations.  Therefore.  Aus- 
sat  launched  the  third  satellite  as  soon  as  possible.  Each  of  these 
satellites  was  in  use  within  five  weeks  after  launch.  Aussat  con¬ 
trols  the  satellites  from  an  operations  center  in  Sydney  through 
TT&C  sites  in  Sydney  and  Perth. 

Aussat  was  considering  a  fourth  satellite  but  turned  their  plan¬ 
ning  toward  a  second-generation  system,  now  Aussat  B  1 1 6-22 1. 
Discussions  with  potential  contractors  began  in  1986.  and  formal 
proposals  were  received  at  the  end  of  1987.  A  contractor  was  se¬ 
lected  in  June  1988.  The  contract  is  for  Satellites  B  I  and  B2.  de¬ 
livered  in  orbit,  and  some  new  equipment  for  the  ground  control 
center.  They  w  ill  replace  A I  and  A2  and  are  scheduled  to  be  in  or¬ 
bit  more  than  one  year  before  the  expected  end  of  life  of  the  earli¬ 
er  satellites.  Their  ends  of  life,  due  to  fuel  depletion,  are  estimated 
to  be  the  end  of  1992  and  middle  of  1993.  A  third  satellite  will  be 
required  to  replace  A3  in  1997.  It  will  be  either  B3.  a  copy  of  Bl. 
or  C I .  the  first  of  a  third  generation  of  Aussats. 

The  Aussat  B  satellite  design  is  different  from  Aussat  A.  The  B 
satellites  are  three-axis-stabili/ed  with  solar  arrays  and  antennas 
that  deploy  in  orbit.  Although  three-axis  communication  satellites 
are  very  common.  Aussat  B  is  the  firM  three-axis  commercial 
communication  satellite  from  this  manufacturer.  The  primary 
payload  of  Aussat  B  is  very  similar  to  that  of  Aussat  A.  which  will 
allow  an  easy  transition  between  the  two.  Unlike  Aussat  A.  the  B 
satellites  have  additional  payloads:  an  operational  mobile  com¬ 
munications  payload,  a  laser  retroreflector  for  precise  ranging  in 
support  of  time  synchronization  transmissions,  and  a  28-GHz 
beacon  for  propagation  studies.  Satellite  and  payload  characteris¬ 
tics  arc: 

Satellite 

Body  7.5  x  7.5  x  7.5  ft.  span  of  deployed  antennas  36.5  ft.  span  of 


deployed  solar  arrays  67.5  ft 
3670  lb  in  orbit,  beginning  of  life 

Sun-tracking  solar  arrays  and  NifU  batteries,  more  than  3200  W 
at  beginning  of  life 

Three-axis-stabilized  using  double-gimballed  momentum  wheels 
Solid  rocket  motor  for  perigee  maneuver,  liquid  bipropellant  pro¬ 
pulsion  for  apogee  maneuver  and  on-orbit  use 

Configuration 

Ku:  Fifteen  54-MHz  bandw  idth  single-conversion  transponders, 
dual-polarization  frequency  reuse 

L:  Two  14-MHz  bandwidth  transponders,  one  Ku-band  receive 
and  L-band  transmit  (to  mobiles),  one  L-band  receive  and  Kif- 
band  transmit  (from  mobiles) 

Ka:  One  beacon 
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Transmitter 

Ku:  12.255  to  12.747  GHz 

Two  rings  of  eleven  50- W  linearized  TWTs  each,  eight 
and  three  spares  (sixteen  active  TWTAs  support  the 
transponders  plus  the  L  to  Ku  transponder) 

ERP  44  to  51  dB  W  per  transponder 
L:  1545  to  1559  MHz  \ 

Two  sets  of  six  30- W  solid-state  power 
amplifiers  used  together,  each  set  has  Jj 

three  or  four  active  amplifiers,  two  or  » 

three  spares  i  jl  j  ' 

ERP  48  dBW  over  >90%  of  Australia,  /  j 
46.5  dBW  over  all  of  Australia  and  vT,  M 

coastal  waters 

Ka:  approximately  28  GHz 


A  Aussat  H  satellite. 


Receiver 

Ku:  14,(K)3  to  14.495  GHz 

Two  active  and  three  spare  receivers 
G/T  -3  dB/K  minimum 
L:  1646.5  to  1660.5  MHz 

One  active  and  one  spare  receiver 
G/T  +1  dB/K  over  populated  areas. 
Australia 


Developed  for  Aussat  Proprietary  Ltd.  by  Hughes  Aircraft  C'om- 


1 .5  dB/K  over  90%  of 


Antenna 

Ku:  Three  offset-fed  parabolic  reflectors,  two  approximately  3.5 
x  5  ft.  one  approximately  6  x  7.5  ft:  one  smaller  reflector  forms  a 
national  and  New  Zealand  receive  beam  and  northeast  and  south¬ 
east  transmit  beams;  the  other  forms  a  national  receive  beam  and 
central  and  western  transmit  beams:  the  larger  reflector  forms  na¬ 
tional  and  New  Zealand  transmit  beams:  each  reflector  uses  dual 
linear  polarizations 

L.  An  array  of  thirty  short  backfire  elements,  national  coverage 

transmit  and  receive  beams,  circular  polarization 

Ka:  Two  horn  antennas,  one  for  each  linear  polarization,  national 

coverage 

Design  life 

Fourteen  years 

Orbit 

Synchronous  equatorial,  stationkeeping  to  ±0.05'  N-S  and  F-W 

Orbital  history 

BL  launch  scheduled  March  1992.  will  go  to  160  E  longitude 
B2:  launch  scheduled  September  1992.  will  go  to  156  F  longi¬ 
tude 

Long  March  2L  launch  vehicle 


The  Aussat  B  design  rev  iew s  were  conducted  in  1989.  The  sat¬ 
ellites  will  be  launched  into  slightly  inclined  orbits  and  tested, 
then  moved  next  to  the  older  satellites.  The  orbit  phasing  will 
cause  the  inclination  to  drop  to  zero  about  the  time  of  the  transfer 
of  services  from  the  old  satellites  to  the  new  satellites.  Aussat  will 
then  use  BL  B2.  and  A3  to  provide  the  services  described  above. 
A  decision  on  the  B3  or  Cl  satellite  w  ill  probably  occur  in  1992. 
to  allow  its  launch  at  least  one  year  before  the  1997  estimated  end 
of  life  for  A3. 

The  primary  Ku-band  Aussat  B  pay  load  provides  fifteen  tran¬ 
sponders.  as  does  Aussat  A.  The  differences  are  wider  transpon¬ 
der  bandwidth,  higher  transmitter  power,  national  beams 
weighted  to  favor  the  populated  parts  of  the  country,  and  consid¬ 
erable  flexibility  to  serve  New  Zealand.  The  satellites  can  handle 
international  traffic  between  the  two  countries,  if  Australian  poli¬ 
cy  moves  away  from  100%  use  of  Intelsat.  Aussat  B  has  no  PNG 
beam:  it  has  a  New  Zealand  spot  beam,  but  no  broad  southwest 
Pacific  beam;  the  four  Australian  spot  beams  are  the  same  as 
those  on  Aussat  A. 

The  mobile  services  payload  is  partially  integrated  with  the 
primary  payload,  because  it  uses  Ku-band  for  links  between  base 
stations  and  satellites.  It  uses  L-hand  lor  links  between  mobile 
terminals  and  the  satellites.  This  payload  will  be  used  for  public 
and  private  telephone  and  data  circuits  and  for  short  digital  mes¬ 
sages.  Requests  and  assignments  will  be  made  over  special  sig¬ 
nalling  channels  connecting  users  to  Aussat's  Network 
Management  Center.  The  short  messages  will  be  sent  over  the 
signalling  channel.  Digital  data  w  ill  be  transmitted  QPSK  at  2400 
bps  and  voice  using  4800  bps  encoded  to  6400  bps  QPSK  or  ana¬ 
log  companded  single  sideband.  Base  stations  will  be  either  pri¬ 
vate  or  multiuser  sites  operated  by  Aussat.  Mobile  terminals  will 
be  of  several  types  for  voice,  data,  or  messages.  Aussat  mobile 
services  are  scheduled  to  begin  shortly  after  the  launch  and 
checkout  of  Aussat  B I . 
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Aitssat  B  communication  subsystem. 
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THAILAND 

Thailand  has  used  leased  capacity  on  the  Indonesian  Palapa  trol  station.  The  satellites  will  be  relatively  small,  each  hav  ing  ten 
system  for  domestic  communications  since  1979.  In  June  1991.  C-band  transponders  w  ith  X-W  amplifiers  and  two  Ku-band  tran- 
Thailand  awarded  a  contract  for  two  satellites  and  a  ground  con-  sponders  with  50- W  amplifiers.  The  first  launch  could  be  in  1994. 
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OTHER  SATELLITES 

There  are  several  satellites  that  do  not  fall  into  any  of  the  pre-  eountri  :s.  Another  group  are  the  meteorological  satellites,  which 

vious  categories  Some  of  these  systems  do  not  compare  with  the  inch:  ae  transponders  for  relaying  data  from  many  unattended 

other  programs  in  terms  of  expenditure  or  communication  capac-  data  collection  platforms  to  a  central  site.  A  third  type  of  satel- 

ity.  hut  they  illustrate  the  variety  of  applications  lound  for  satel-  lites  has  a  pay  load  that  consists  of  one  or  more  beacon  transmit- 

lite  communications.  Of  particular  note  are  the  Oscar  satellites  ters.  These  satellites  can  he  used  by  a  sy  stem  operator  to  gain 

developed  Ivy  amateur  radio  operators.  Although  these  are  phvsi-  experience  in  satellite  development  and/or  operations,  to  check 

calls  small,  they  are  the  product  of  international  cooperation,  and  ground  control  networks,  or  as  sources  tor  propagation  studies, 

they  hav  e  been  used  by  over  1  ().()()()  people  in  more  than  100 


SATELLITES  FOR  RADIO  AMATEURS  and  EDUCATION 


Oscar  (Amsat  and  Universities) 

Oscar  (Orbiting  Satelliie  Carry  ing  Amateur  Radio)  is  a  space.  Oscar  6  had  a  communication  repeater  with  a  K/O-kHz  band- 


project  of  amateur  radio  operators  1 1-31  ].  The  Oscar  project  was 
started  in  1960  by  amateurs  in  California,  most  of  whom  were 
professionally  involved  in  space  technology  activities.  The  Oscar 
satellites  are  launched  as  secondary  payloads  occupying  excess, 
and  otherwise  unused,  launch  vehicle  capability.  The  technical 
sophistication  and  human  participation  in  Oscar-related  projects 
have  grow  n  substantially  over  the  past  three  decades.  Table  1  is  a 
summary  of  all  the  Oscars  launched  through  1990.  (These  satel¬ 
lites  have  no  relation  to  a  series  of  United  States  Navy  navigation 
satellites  also  named  Oscar.) 

The  first  two  satellites.  Oscar  I  and  2.  were  launched  in  De¬ 
cember  1961  and  June  1962.  These  satellites  transmitted  beacon 
signals  with  simple  modulation.  Each  weighed  about  10  lb  and 
operated  about  400  hr. 

Oscar  3  was  the  first  amateur  communication  satellite.  The 
satellite  repeater  had  a  50-kHz  bandwidth  operating  in  the  144-  to 
146-MH/  build.  This  satellite  operated  more  than  two  weeks  un¬ 
til  the  battery  was  depleted.  A  number  of  two-way  links  were  es¬ 
tablished  by  radio  operators  in  the  United  States.  Canada,  and 
Europe.  One-way  transatlantic  links  were  established  twice.  Os¬ 
car  4  also  had  a  communications  repeater  with  a  10-kHz  band¬ 
width.  However,  because  of  a  launch  vehicle  failure,  the  desired 
orbit  was  not  achieved,  and  only  a  few  two-way  contacts  were  es¬ 
tablished.  How  ev  er,  one  of  these  w  as  the  first  direct  satellite  link 
between  the  United  States  and  the  Soviet  Union.  These  four  sat¬ 
ellites  form  the  first  phase  of  amateur  satellite  work. 

In  1969,  the  Radio  Amateur  Satellite  Corporation  (Amsat)  was 
formed  to  continue  the  Oscar  project  and  expand  it  to  internation¬ 
al  participation.  Oscar  5  was  a  beacon  satellite  prepared  by 
amateurs  in  Australia.  It  was  the  first  Oscar  to  have  a  command 
subsystem,  an  important  step  toward  long-life,  complex  satellites. 
This  satellite  and  Oscars  6.  7.  and  X  were  the  second  phase  of  am¬ 
ateur  satellites,  characterized  by  multiyear  lives  in  low  orbits. 

Oscars  6  through  8  all  had  command  subsystems  and  were 
powered  by  solar  arrays  coupled  with  rechargeable  NiC'd  batter¬ 
ies.  They  used  magnets  to  provide  two-axis  stabilization,  align¬ 
ing  the  spacecraft  axis  w  ith  the  local  geomagnetic  field.  Portions 
of  these  satellites  were  built  in  the  United  States.  Australia.  West 
Germany.  Canada,  and  Japan.  They  were  assembled  in  the  Unit¬ 
ed  States.  Although  almost  all  the  labor  was  done  by  amateurs, 
many  hardware  items  were  donated  by  government  and  industrial 
organizations.  The  design  lives  of  these  three  satellites  were  one. 
three,  and  three  years,  but  each  operated  about  five  years. 


width:  it  received  at  146  MHz  and  transmitted  at  29.5  MHz.  Os¬ 
car  7  had  two  repeaters.  O-.e  w  as  the  same  as  Oscar  6  except  for 
a  slight  frequency  change  and  increased  output  power.  The  other 
r  '-s  7  ed  at  432  MHz  a.,d  transmitted  at  146  MHz.  An  onboard 
timer  automatically  switched  from  one  repeater  to  the  other  every 
24  hr.  This  timer  was  part  of  the  control  circuitry  that  automati¬ 
cally  sw  itched  one  repeater  on  in  a  low  power  mode  when  the  bat¬ 
tery  was  discharged  to  a  certain  point.  On  several  occasions, 
these  two  satelli  es  were  used  together  with  a  432-MHz  uplink  to 
Oscar  7.  a  146-MHz  intersatellite  link,  and  a  29-MHz  downlink 
from  Oscar  6.  Oscar  8  also  had  two  repeaters.  One  was  the  same 
as  Oscar  7.  operating  at  146/29  MHz.  The  other  received  at  146 
MHz  and  transmitted  at  435  Ml  Iz.  Only  one  repeater  was  on  at  a 
time. 

Oscar  9.  or  UoSAT  I .  was  the  first  satellite  built  by  the  Univer¬ 
sity  of  Surrey  .  England.  The  goal  of  l  'oSAT  I .  and  the  continuing 
purpose  of  the  UoSAT  program,  is  to  demonstrate  the  develop¬ 
ment  of  low -cost  sophisticated  satellites  and  to  use  these  satellites 
to  promote  space  science  and  engineering  in  education.  The 
smallness  and  sophistication  ot  the  UoSATs  centers  on  the  use  of 
microrelectronic  technology.  The  application  of  UoSATs  to  edu¬ 
cation  broadens  the  role  of  Oscars  beyond  amateur  communica¬ 
tions  and  involves  direct  contact  w  ith  the  satellites  from  simple 
ground  terminals  al  schools  of  all  levels. 

UoSAT  I  transmitted  telemetry  and  experiment  data  on  146- 
and  435-MHz  beacons.  Beacons  for  propagation  research  were  at 
7.  14.  21.  and  29.5  MHz  and  2.4  and  10.4  GHz.  Transmitter  pow  ¬ 
ers  were  100  to  several  hundred  milliwatts.  Other  experiments 
were  a  magnetometer,  two  particle  counters,  a  CCD  camera  with 
256  x  256  elements,  and  a  speech  synthesizer.  The  camera  and 
two  microwav  e  antennas  were  mounted  on  the  earth- v  lew  ing 
side.  High-frequency  antennas  extended  from  several  parts  ot  the 
body.  The  magnetometer  was  deployed  on  a  grav ity -gradient  sta¬ 
bilization  boom  on  the  antiearth  end  of  the  body  Solar  cells  on 
the  lour  sides  of  the  body,  plus  nickel  cadmium  batteries,  prov  id¬ 
ed  an  average  power  of  about  25  W. 

Oscar  9  was  launched  in  October  1981.  Although  initial  oper¬ 
ations  were  difficult,  the  University  considered  the  time  a  good 
learning  experience.  In  Ihe  following  years,  the  satellite  contin¬ 
ued  to  operate  at  full  capacity  and  did  so  until  it  reentered  the 
earth's  atmosphere  m  October  1989 

Oscar  10  is  the  beginning  of  a  phase  of  amateur  communica¬ 
tion  satellites  characterized  by  long-life  and  high-altitude  orbits. 
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Oscar  7  and  <S  satellites. 


in  developing  countries.  Thse  workers  often 
were  in  areas  where  traditional  international 
communications  facilities  did  not  exist.  The 
UoSAT  2  payload  demonstrated  the  practicality 
of  using  a  small  satellite  to  till  this  need.  Be¬ 
cause  of  the  low  altitude,  both  ground  and  satel¬ 
lite  transmitter  powers  are  low,  but  simultaneous 
visibility  to  the  two  communicating  parties  is 
rare;  hence,  the  store-and-forward  mode  of  oper¬ 
ation.  UoSAT  2  also  has  the  speech  synthesizer 
of  UoSAT  I,  a  384-  x  256-element  CCD 
^  camera,  and  several  space  science  exper- 
intents. 

The  digital  communications  pay- 
load  has  been  used  by  radio  amateurs 
in  many  countries  and  Antarctica. 
"  '^V\  They  transmit  messages  through 

terrestrial  radio  packet  net- 

- 'jRs.  works  to  gateway  stations 

_ - INN.  which  send  the  messages 

\  /  to  the  satellite.  Besides 


The  satellite  is  shaped  like  a  three-pointed  V. 
star.  It  is  spin-stabilized  and  has  magnetic  V 
torquers  to  control  the  spin  orientation.  The  \\ 
spin  axis  is  oriented  so  that,  at  apogee,  the  an-  » 
tennas  point  toward  the  center  of  the  earth.  A  microprocessor 
monitors  telemetry  and  has  a  considerable  autonomous  control 
capability.  All  electronics  are  mounted  in  the  arms  of  the  satellite. 
A  motor  located  in  the  center  of  the  satellite  is  used  to  raise  its  or¬ 
bital  apogee  and  inclination.  The  objective  of  the  selected  orbit  is 
to  provide  long-duration  coverage  to  the  largest  possible  number 
of  amateur  radio  operators.  The  satellite  has  two  repeaters.  One 
uses  the  435/146-MHz.  combination  used  before.  The  other  is  the 
first  amateur  use  of  a  higher  uplink  frequency  ( 1269  MHz),  cou¬ 
pled  with  a  435-MHz  downlink. 

The  West  German  Amsat  organization  has  the  central  role  in 
Oscar  10.  It  received  support  and  equipment  from  several  Euro¬ 
pean  countries  and  the  United  States.  Their  first  satellite,  some¬ 
times  called  Oscar  9.  was  destroyed  by  a  launch  vehicle 
malfunction  in  1980.  Oscar  10  was  launched  in  June  1983,  It  en¬ 
countered  some  difficulties  which  resulted  in  a  less  than  optimum 
orbit.  The  use  of  the  satellite  for  communications  started  in  Au¬ 
gust  1983.  The  orbit  of  Oscar  10  causes  the  satellite  to  be  in  re¬ 
gions  of  high  radiation  for  many  hours  per  day.  This  radiation 
caused  failures  of  the  satellite's  solid-state  memory  device  after  a 
few  years.  By  1990.  altitude  control  capabilities  declined,  but  the 
satellite  was  still  useful  for  communications. 

Oscar  1 1  is  UoSAT  2.  Mechanically,  and  in  appearance,  it  is 
very  similar  to  UoSAT  I.  The  primary  payload  is  for  digital 
store-and-forward  communications.  The  motivation  for  this  pay- 
load  came  from  Volunteers  in  Technical  Assistance,  a  United 
States  organization  providing  technical  support  to  field  workers 


^  \  the  digital  communications  V 

l  links,  satellite  command  links  \> 

V  exist  at  1 44.  437.  and  1 268  MHz. 

\  Telemetry  can  be  transmitted  at  145.8.  435.0.  and 
\  2401  MHz. 

\\  UoSAT  2  was  built  in  less  than  six  months. 
\  which  was  the  time  between  NASA's  announce- 
\  \  ment  of  a  secondary  satellite  launch  opportunity 
U  and  the  launch  date.  UoSAT  was  launched  in 
March  1984  to  an  altitude  of  about  380  nmi.  Like  UoSAT  1,  there 
were  early  problems  with  satellite  control;  but  subsequently,  the 
satellite  performed  well.  At  the  end  of  1990.  it  was  still  in  good 
health  and  being  used  regularly. 

Oscar  12  is  the  first  Japanese  amateur  satellite.  Its  original 
name  was  Japanese  Amateur  Satellite  (JAS)  I.  but  it  was  renamed 
Fuji  after  launch.  Hence,  it  is  also  Fuji-Oscar  12  or  FO  12.  It 
weighs  110  lb  and  has  a  communications  payload  with  two 
modes.  One  is  a  nonprocessing  repeater  with  a  100-kHz  band¬ 
width;  the  uplink  is  at  146  MHz  and  the  downlink  at  436  MHz. 
The  other  mode  is  a  digital  processing  repeater  with  four  fixed 
uplink  and  downlink  frequencies  in  the  same  bands  as  the  other 
repeater.  Only  one  mode  is  active  at  a  time.  Fuji  was  launched  in 
August  1986  on  the  first  lest  flight  of  the  Japanese  H- 1  launch  ve¬ 
hicle.  It  was  still  operating  in  1990. 

Oscar  13  is  another  German  Amsat  project,  similar  in  design 
and  orbit  to  Oscar  10.  It  is  also  known  as  Amsat-Oscar  13  or  AO 
13.  It  has  a  communications  payload  which  operates  in  four 
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Tabic  I.  Oscar  Summary 


NAME 

SHAPE,  SIZE, 
in. 

WEIGHT, 

lb 

PRIMARY 

PAYLOAD 

FREQUENCY 

BANDS* 

LAUNCH 

DATE 

STATUS 

Oscar  1 

Rectangular, 

6  x  12  x  12 

10 

Beacon 

VHF 

12  Dec  1961 

Operated  18  days 

Oscar  2 

Rectangular, 

6  x  12  x  12 

10 

Beacon 

VHF 

1  Jun  1962 

Operated  18  days 

Oscar  3 

Rectangular, 

7  x  12  x  17 

33 

Repeater 

VHF 

9  Mar  1965 

Operated  16  days 

Oscar  4 

Tetrahedron, 

19  on  a  side 

29 

Repeater 

VHF,  UHF 

21  Dec  1965 

Operated  3  months 

Oscar  5 

Rectangular, 

6  x  12  x  17 

39 

Beacons 

10  m,  VHF 

23  Jan  1970 

Operated  2  months 

Oscar  6 

Rectangular, 

6x  12  x  17 

40 

Repeater 

10  m,  VHF 

17  Oct  1972 

Turned  off 

June  1977 

Oscar  7 

Octagonal  cylinder, 

17  x  17 

65 

Repeaters 

10  m.VHF, 

UHF 

15  Nov  1974 

Operated  until 
mid-1981 

Oscar  8 

Cube,  18 

60 

Repeaters 

10  m,  VHF, 
UHF 

5  Mar  1978 

Operated  until  1983 

UoSAT  1  (A), 
Oscar  9 

Rectangular, 

17  x  17  x  29 

-110 

Science  and 
education 
experiments 

See  text 

6  Oct  1981 

Operated  8  years 

Oscar  10 

Three  arm  star, 

17  high  x  50  span 

-200 

Repeaters 

VHF,  UHF,  L 

16  Jun  1983 

In  use  (1990) 

UoSAT  2  (B), 
Oscar  1 1 

Rectangular, 

14  x  14  x  23 

-110 

Digital  store  and 
forward 

VHF,  UHF 

1  Mar  1984 

In  use 

Fuji  1, 

Oscar  12 

26  side  polyhedron, 

18  diam 

110 

Repeater 

VHF,  UHF 

12  Aug  1986 

In  use 

Oscar  13 

Three  arm  star, 

1 7  high  x  50  span 

-200 

Repeaters 

VHF,  UHF,  L,  S 

15  Jun  1988 

In  use 

UoSAT  3  (D), 
Oscar  14 

Rectangular, 

14  x  14  x  24 

100 

Digital  store  and 
forward 

VHF,  UHF 

21  Jan  1990 

In  use 

UoSAT  4  (E). 
Oscar  15 

Rectangular, 

14  x  14  x  24 

100 

Technology 

experiments 

VHF,  UHF 

21  Jan  1990 

Transmitters  failed 
after  1  day 

Oscar  16 

Cube,  9 

22 

Digital  store  and 
forward 

VHF,  UHF,  S 

21  Jan  1990 

In  use 

DOVE, 

Oscar  17 

Cube,  9 

22 

Digital  store  and 
forward,  digital 
voice 

VHF,  UHF,  S 

21  Jan  1990 

In  use 

Webersat, 
Oscar  18 

Rectangular, 

9  x  9  x  12 

27 

Digital  store  and 
forward,  video 
experiments 

VHF,  UHF 

21  Jan  1990 

In  use 

Oscar  19 

Cube,  9 

22 

Digital  store  and 
forward 

VHF,  UHF 

21  Jan  1990 

In  use 

Fuji  2, 

Oscar  20 

26  side  polyhedron, 

18  diam 

110 

Repeater 

VHF,  UHF 

7  Feb  1990 

In  use 

*10  m  is  approximately  29.5  MHz,  VHF  is  144  to  146  MHz,  UHF  is  435  to  436  MHz  (432  MHz  on  early  satellites), 
L-band  is  approximately  1269  MHz,  S-band  is  2400  to  2401  MHz. 


different  modes.  All  of  these  modes  are  nonprocessing  repeaters;  launch  vehicle.  These  six  satellites  are  of  two  designs,  one  for 
the  differences  are  the  frequencies  and  include  increased  use  of  Oscars  14  and  15  and  the  other  design  for  the  other  four  satellites, 

microwaves.  The  uplink  and  downlink  frequency  combinations  Oscars  14  and  15.  or  UO  14  and  UO  15.  are  UoSATs  3  and  4. 

are  approximately  435  and  146  MH/  with  150-kH/  bandwidth.  Prior  to  launch,  they  were  UoSATs  D  and  E.  These  two  satellites 

1269  and  436  MHz  with  290-kH/  bandwidth.  144  and  436  MH/  took  over  the  missions  and  payloads  of  UoSAT  C.  whose  launch 

with  5()-kH/  bandwidth,  and  436  and  2401  MH/  with  36-kH/  opportunity  was  eliminated  by  NASA  launch  schedule  changes, 

bandwidth.  Since  the  Ariane  launch  required  smaller  satellites,  two  satellites 

Oscar  13  was  launched  in  June  1988  and  is  in  use.  The  end  of  were  used  to  replace  one. 

its  life  will  be  caused  by  lunar  and  solar  perturbations  of  its  orbit  Oscars  14  and  15  are  rectangular  boxes  about  14  in.  square  and 

causing  atmospheric  drag  to  increase.  The  predicted  end  of  life  is  24  in.  tall.  Each  weighs  100  lb  and  has  a  20- fl  boom  which  de- 

1997.  or  perhaps  a  few  years  earlier.  ploys  from  the  top  surface  to  provide  gravity-gradient  stabili/a- 

Oscars  14  through  19  were  launched  together  in  January  1990.  lion.  Oscar  I4's  primary  payload  is  for  digital  store-and-forward 

all  mounted  on  the  secondary  payload  platform  of  an  Ariane  communications,  an  advancement  from  the  similar  payload  on 

Oscar  1 1 .  The  uplink  is  at  146  MH/.  the  downlink  at  435  MH/. 
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35.6 


Oscar  6  through  S  146/29-MHz  communication  subsystem. 


*—  Motor 

Oscar  10  satellite  details. 


This  payload  has  4  Mbytes  of  memory,  in  contrast  to  only  128 
kbytes  on  Oscar  1 1 . 

Oscar  15  is  a  technology  demonstration  satellite.  It  has  a  par¬ 
allel  computing  experiment,  samples  of  new  GaAs.  InP.  and  sili¬ 
con  solar  cells  front  several  manufacturers,  and  a  CCD  camera. 
Both  satellites  have  radiation  measurement  sensors. 

Oscar  14  is  actively  used,  but  Oscar  I5's  transmitters  have  not 
been  on  since  the  end  of  (he  first  day  in  orbit.  The  cause  has  not 
been  determined:  but  it  is  not  a  general  satellite  failure,  because 
radiation  from  the  satellite  receiver's  local  oscillator  has  been  de¬ 
tected  by  a  ground  station  with  a  large  antenna  and  sophisticated 
processing. 

Oscars  16  through  19  are  rectangular  boxes  9  in.  square. 
Three  are  9  in.  tall:  Oscar  18  is  12  in.  tall.  The  three  weigh  22  lb 
each,  and  Oscar  18  weighs  27  lb.  The  satellite  components  are 
mounted  on  boards  which  are  supported  in  metal  li antes.  These 
frames,  when  bolted  together,  are  the  main  structure  of  the  satel¬ 


lite.  as  shown  in  the  figure.  Solar  cells  are  placed  on  fixed  sides 
of  this  structure.  The  single  antenna  on  the  top  is  for  146  MH/: 
the  four  elements  on  the  bottom  are  the  437-MHz  antenna. 

Osears  16.  17.  and  19  were  built  by  Amsat  and  Oscar  18  by 
Weber  State  College  in  Utah.  All  four  satellites  have  the  same  de¬ 
sign  and  same  subsystems,  except  for  payloads.  All  four  have  a 
digital  store-and-forward  payload  with  a  146-MHz  uplink  and 
437-MHz  downlink.  The  memory  si/e  is  8  Mbytes:  data  rates  are 
1200  and  4800  bps.  The  transmitter  power  is  varied  by  the  satel¬ 
lite  computer  to  match  the  power  available  on  the  satellite.  Max¬ 
imum  power  is  4  to  5  W.  Oscar  16.  AO  16.  or  Pacsat.  also  has  a 
2401 -MH/  downlink  for  transmission  of  the  store-and-forward 
packet  messages.  Oscar  17  is  called  DOVE  (Digital  Orbiting 
Voice  Experiment)  or  DO  17  because  of  its  digital  voice  synthe¬ 
sizer.  Oscar  18.  Webersat  or  WO  18.  has  several  video  experi¬ 
ments  including  a  CCD  camera  and  a  CCD  spectrometer.  Oscar 
19  has  an  additional  telemetry  subsystem  and  transmitter  as  its 
unique  payload.  This  subsystem  was  built  by  radio  amateurs  in 
Argentina  and  is  the  first  spare  hardware  from  that  country. 

All  four  satellites  have  been  working  properly  since  launch. 
Oscars  16  and  19  are  primarily  for  amateur  communications, 
while  the  other  two  are  aimed  at  promoting  scientific  education 
through  use  by  schools.  , 


Oscar  20  is  Fuji  2.  or  FO  20.  It  was  originally  built  as  a  back¬ 
up  for  Oscar  1 2  and  designated  J  AS- 1  b.  Since  the  launch  of  Os¬ 
car  12.  experience  with  that  satellite  was  used  to  redesign 
portions  of  the  second  satellite.  Like  Oscar  12.  it  is  a  nearly 
spherical  26-sided  structure  w  ith  a  diameter  of  about  18  in.  and  a 
weight  of  1 10  lb. 

Oscar  20  has  the  same  processing  and  nonprocessing  modes  as 
Oscar  12  with  almost  identical  frequencies.  It  was  launched  in 
February  1980  and  is  in  use. 

UoSAT  5  (F  prior  to  launch)  was  launched  in  July  1991.  It  is  a 
replacement  for,  and  has  the  same  design  as.  UoSAT  4  (Oscar  15). 
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RS  and  Iskra 


RS  is  the  designation  for  amateur  radio  communication  satel¬ 
lites  developed  in  the  Soviet  Union  1 1-7].  The  original  RS  an¬ 
nouncement  was  made  in  1977.  At  the  end  of  October  1978,  two 
satellites  were  launched  into  a  near-polar  orbit  with  an  altitude  of 
about  900  nmi.  After  launch,  the  Soviet  Union  referred  to  these 
satellites  as  Radio  1  and  2.  A  set  of  six  satellites,  named  Radio  3 
through  8,  were  launched  together  in  December  1978.  Their  orbit 
is  similar  to  that  used  for  the  first  two  satellites.  Three  were  still 
operating  at  the  end  of  1984. 

RS  10  and  1 1  are  modules  attached  to  the  Soviet  satellite  Cos¬ 
mos  1861,  launched  in  June  1987.  Likewise,  RS  12  and  13  are  on 
Cosmos  2123,  launched  in  February  1991.  RS  14  is  on  a  Soviet 
civilian  satellite  launched  in  January  1991 . 

The  first  RS  satellites  had  repeaters  with  uplinks  near 
146  MHz  and  downlinks  near  29  MHz.  RS  10  and  1 1  have  mul¬ 
tiple  repeaters  using  frequencies  near  21,  29,  and  146  MHz. 
More  than  one  can  be  on,  to  allow  two  uplink  bands  with  one 
downlink  or  vice  versa.  RS  14  has  two  repeaters  with  435-MHz 
uplinks  and  146-MHz  downlinks.  Some  of  the  RS  satellites  also 
have  a  subsystem  called  robot.  When  the  robot  receives  a  Morse 
Code  call  sign,  it  transmits  it  with  the  satellite’s  call  sign  and 
stores  a  record  of  the  contract  for  transmission  to  a  central  ground 
station. 

Three  Iskra  or  Iskara  (Spark)  satellites  also  have  been  an¬ 
nounced  to  be  for  amateur  radio  communications.  No  description 


has  been  given.  The  first  was  launched  in  July  1981.  The  others 
were  deployed  from  the  Salyut  7  space  station  in  May  and  No¬ 
vember  1982.  Because  of  their  low  orbits,  each  reentered  the  at¬ 
mosphere  within  two  months. 

1.  M.  N.  Sweeting,  “The  Amateur  Space  Program,"  Journal  of 
the  British  Interplanetary  Society,  Vol.  32,  No.  10  (October 
1979). 

2.  A.  C.  Gee,  "Oscar:  Amateur  Radio  Satellites  and  Spacecraft," 
Space  Education,  Vol.  1,  No.  4  (September  1982). 

3.  J.  M.  Henry,  “Oscar  Satellites.  Amateur  Radio  in  Space,”  Pa¬ 
per  6.7,  First  Canadian  Domestic  and  International  Satellite 
Communication  Conference  (June  1983). 

4.  A.  C.  Gee.  "Amateur  Radio  Satellites,"  Space  Education.  Vol. 
1,  No.  8  (October  1984). 

5.  A.  C.  Gee,  "Amateur  Radio  Satellite  Update.”  Space  Educa- 
tion,  Vol.  1.  No.  9  (May  1985). 

6.  "Radio  Amateurs,"  Telecommunication  Journal.  Vol.  44,  No. 
12  (December  1977). 

7.  Aviation  Week  &  Space  Technology  (6  June  1977).  p.  41: 
(8  August  1977),  p.  22:  (6  November  1978),  p.  22:  (24  May 
1982).  p.  20. 


Badr 


In  July  1990.  a  Pakistani  satellite,  Badr,  was  launched  by  Chi¬ 
na.  The  1 10-lb  satellite  was  built  by  a  government  research  agen¬ 
cy  with  cooperation  from  the  Pakistan  Amateur  Radio  Society. 
The  purposes  of  the  satellite  were  to  test  Pakistani-built  satellite 
equipment,  demonstrate  satellite  communications,  and  gain  expe¬ 


rience  in  satellite  operations.  The  satellite  had  a  digital  store  and 
forward  communications  payload,  similar  to  the  one  on  Oscar  1 1 . 
UoSAT  2.  The  satellite  transmitter  frequencies  were  near  144 
and  146  MHz.  The  satellite  orbit  had  a  very  low  perigee,  and  at¬ 
mospheric  drag  ended  the  satellite's  life  in  December  1990. 


ORBIS 


ORB1S  (Orbiting  Radio  Beacon  Ionospheric  Satellite)  was  a 
project  of  the  Air  Force  Cambridge  Research  Laboratories  [1,2], 
After  one  launch  failure,  an  ORBIS  was  put  into  a  low  orbit  in 
November  1964.  It  transmitted  on  10.004  MHz  for  about  two 
weeks,  until  it  reentered  the  atmosphere.  The  primary  purpose  of 
ORBIS  was  a  study  of  ionospheric  ducting.  The  program  was  lat¬ 
er  split  into  ORBIS  Low  and  ORBIS  High,  with  low  and  high  re¬ 
ferring  to  satellite  altitude. 

Satellite  OV2-5  carried  eleven  experiments,  one  of  which  was 
an  ORBIS  High  transmitter.  OV2-5  was  launched  into  a  synchro¬ 
nous  altitude  orbit  in  September  1968.  Satellite  OV4-3  carried 
three  experiments,  one  of  which  was  an  ORBIS  Low  transmitter. 
The  OV4-3  was  launched  in  November  1966  with  OV4-1 .  It  op¬ 


erated  for  one  month  and  reentered  the  atmosphere  in  Januarv 
1967. 

ORBISCAL  (ORBIS  Calibration),  also  called  OV1-17A.  had 
two  transmitters,  at  8.98  and  13.25  MHz.  It  operated  for  one 
week  between  launch  and  reentry  in  March  1969. 

*  *  *  *  *  * 

1.  J.  P.  Mullen  and  R.  S.  AIIen,“Synoptic  Data  from  the  ORBIS 
Experiment."  Radio  Science,  Vol.  1  (New  Series),  No.  10 
(1966). 

2.  J.  W.  Powell  and  G.  R.  Richards."The  Orbiting  Vehicle  Series 
of  Satellites,"  Journal  of  the  British  Interplanetary  Society-. 
Vol.  40.  No.  9  (September  1987). 


LES-3 


The  third  Lincoln  Experimental  Satellite  (LES-3)  payload  was 
a  beacon  whose  output  was  used  for  propagation  measurements 
( I.  2|.  The  phenomenon  of  most  interest  was  multipath.  The  bea¬ 
con  frequency  was  232.9  MHz,  which  is  in  the  range  of  frequen¬ 


cies  (approximately  230  to  280  MHz)  used  by  many  military 
communication  satellites  that  followed  LES-3.  The  beacon  was 
modulated  by  a  15-bit  sequence  from  a  four-stage  pseudorandom 
source.  The  modulation  rate  was  100  kbps.  The  modulated  sig¬ 
nal  was  amplified  and  equally  split  to  two  monopole  antennas. 
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The  LES-3  satellite  is  similar  to  LES-I  and  -2  except  for  the 
payload.  The  body  has  eighteen  square  and  eight  triangular  faces. 
The  antennas  are  mounted  to  the  center  of  two  opposite  square 
faces.  Solar  cells  are  mounted  on  the  square  faces.  The  satellite 
had  no  battery  and  no  command  and  telemetry.  The  beacon  was 
activated  automatically  at  orbital  insertion.  The  satellite  details 
are  as  follows: 


Satellite 

26-sided  polyhedron,  2-ft  dia.,  4  ft  between  ends  of  antennas 
34  lb  in  orbit 

Solar  cells,  no  batteries,  25  W  maximum  at  beginning  of  life 
Spin-stabilized,  approximately  140  rpm 

Configuration 

One  beacon  transmitter 

Transmitter 

232.9  MHz.  100-kHz  biphase  modulation.  10-W  power  output. 
15-dBW  maximum  ERP 

Antenna 

Two  quarter-wave  monopoles,  extending  from  opposite  faces  of 
the  satellite  body,  toroidal  pattern 

Design  Life 

One  year 

Orbit 

Subsynchronous  equatorial,  approximately  18,200-nmi  altitude 
intended;  105  x  18.200  nmi.  26-deg  inclination  actual 

Orbital  history 

Launched  2 1  December  1 965 
Operated  more  than  one  year 
Decayed  6  April  1968 

Titan  III-C  launch  vehicle  (shared  with  other  satellites) 

Management 

Developed  by  MIT  Lincoln  Laboratory 

1.  H.  Sherman,  et  a!.,  "The  Lincoln  Experimental  Satellite  Pro¬ 
gram  (LES- 1 .  -2,  -3.  -4)."  Journal  of  Spacecraft  and  Rockets. 
Vol.  4,  No.  1 1  (November  1967). 

2.  H.  Sherman,  et  a!..  “The  Lincoln  Experimental  Satellite  Pro¬ 
gram  (LES-I,  -2.  -3.  -4)."  Paper  66-271.  A! A  A  Communica¬ 
tions  Satellite  Systems  Conference  (May  1966). 


OV4-1 


The  OV4-I  experiment  1 1  -3 1  is  of  historical  interest,  as  it  was 
the  first  satellite-to-satellite  crosslink.  Beginning  in  1948,  com¬ 
munication  between  near-antipodal  points  on  the  earth  had  been 
demonstrated  at  frequencies  well  above  what  was  expected, 
based  on  traditional  understanding  of  HF  propagation.  Then, 
when  the  space  age  began,  there  were  many  reports  of  ground- 
based  reception  of  HF  or  VHF  transmissions  from  satellites  far 
beyond  the  horizon.  Various  modes  of  ionospheric  propagation 
were  suggested  to  explain  these  phenomena. 

The  OV4- 1  experiment  was  developed  to  extend  the  investiga¬ 
tions  of  ionospheric  propagation.  A  secondary  purpose  was  to  de¬ 
termine  the  feasibility  of  communication  beyond  the  line  of  sight 
between  two  low-altitude  satellites.  A  number  of  Air  Force  ex¬ 
perimental  satellites  that  were  flown  in  the  1960s  were  designated 
OVs.  or  orbiting  vehicles.  The  OV4  was  the  fourth  basic  type  of 
OV.  The  OV4-IT  and  OV4-IR  were  separate  satellites,  which 
were  the  transmitting  and  receiving  portions,  respectively,  of  the 
link.  The  OV4- 1 R  also  had  a  telemetry  transmitter.  The  OV4-2 
was  a  copy  of  OV4-I,  but  the  satellites  were  never  launched. 


The  OV4-1  satellites  were  launched  together  into  the  same  or¬ 
bit  and  were  then  given  a  slight  relative  velocity,  so  that  their  sep¬ 
aration  varied  from  zero  to  antipodal.  These  satellites  were 
launched  in  early  November  1966  and  operated  until  the  end  of 
that  year.  The  OV4-IT  operated  continuously,  but  the  OV4-1R 
operated  only  by  command  when  it  was  in  sight  of  a  ground  ter¬ 
minal  equipped  to  receive  and  record  the  experiment  telemetry. 
About  thirty  telemetry  records  were  gathered,  indicating  success¬ 
ful  operation  at  ranges  varying  from  a  few  hundred  miles  to  antip¬ 
odal  distance.  Other  experiment  details  are  as  follows: 

Satellite 

OV4-1T:  cylinder  with  one  domed  end.  17-in.  dia..  45  in.  long 
OV4- 1 R :  cylinder  with  one  domed  end.  1 7-in.  dia.,  37  in.  long 
240  lb  (T).  3(H)  lb  (R) 

Silver  oxide-zinc  batteries.  7.9  kWh 
No  stabilization 
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Transmitter 

20.75.  34.3.  and  46.8  MHz 

20-,  100- .  and  1000-msec  pulse  w  idths 

2-.  100-,  and  1000-W  peak  power  levels 

Receiver 

20.75.  34.3.  and  46.8  MH/ 

Antenna 

Dipole  w  ith  linear  polarization  on  each  satellite 

Orbit 

150-  to  160-nmi  altitude.  33-deg  inclination 

Orbital  history 

Launched  3  November  1066 


Operated  until  30  December  1966 

Decayed  in  January  1967 

Management 

Developed  by  Raytheon  for  the  United  States  Air  Force 

1.  J.  1.  Barker  and  M.  D.  Grossi.  "Design  of  a  Satellite-to-Satel- 
lite  Communications  Experiment  to  Explore  HF/VHF  Guided 
Propagation  in  the  Lower  Ionosphere."  Radio  Science.  Vol.  1 
(New  Series).  No.  10  (October  1966). 

2.  "Spacecraft  Details."  TRW  Space  Lou.  Vol.  6.  No.  4  (Winter 
1966-67). 

3.  J.  W.  Powell  and  G.  R.  Richards.  "The  Orbiting  Vehicle  Series 
of  Satellites."  Journal  of  the  British  Interplanetary  Society. 
Vol.  40.  No.  9  (September  1987). 


TEST  AND  TRAINING  SATELLITES 


The  Test  and  Training  Satellites  (TETR  or  TTS)  1 1.  2|  were 
developed  by  NASA  for  use  during  exercises  of  the  Manned 
Spaceflight  Network.  Their  primary  purpose  was  to  simulate  the 
downlink  of  an  Apollo  spacecraft  for  network  checkout  prior  to 
an  Apollo  flight.  The  TTS  performed  the  simulation  by  retrans¬ 
mitting  a  sample  downlink  signal  that  it  had  received  from  a 
ground  station.  This  signal  could  include  ranging,  telemetry, 
voice,  and  biomedical  data.  Four  of  these  satellites  were 
launched  as  secondary  payloads.  The  satellite  details  are  as  fol¬ 
lows: 

Satellite 

Octahedron.  12  in.  on  a  side 
40  to  45  lb  in  orbit 
Solar  cells  and  battery,  4  to  5  W 
Magnetic  stabilization 

Transmitter 

2282.5  MHz.  0.8-W  output 

Receiver 

2101.8  MHz 

Antenna 

Monopole  for  reception,  dipole  for  transmission 

Design  life 

Seven  months 

Orbital  history 

I:  launched  13  December  1967.  158  x  261  nmi.  33-deg  inclina¬ 
tion 

2:  launched  8  November  1968.  202  x  510  nmi.  33-deg  inclination 
3:  launched  27  August  1969.  launch  vehicle  failure 
4:  launched  29  September  1971.  215  x  329  nmi.  33-deg  inclina¬ 
tion 


w 


TTS  satellite. 


Management 

Developed  by  TRW  for  NASA 


A  jfc  :}r 


1.  "Spacecraft  Details."  TRW  Space  Toy.  Vol.  7.  No.  4  (Winter 
1967-68);  Vol.  8.  No.  4  (Winter  1968-69):  Vol.  9.  No.  4  (Win¬ 
ter  1969-70):  Vol.  10(1972). 

2.  "Satellite  Digest."  Spa<  e/liyht.  Vol.  14.  No.  3  (March  1972). 


EOLE 


Hole  wax  a  satellite  developed  by  the  French  national  space 
agenev  for  communication  with  and  data  collection  from  remote 


balloon-borne  meteorological  sensors  1 1-3).  It  was  a  cooperative 
program  with  NASA  called  C AS- A.  Peole  ( Preparation  for  F.ole) 


as  an  experimental  satellite  with  a  similar  payload.  The  basic 
action  of  Hole  was  to  interrogate  the  sensors  and  to  relay  data 
mil  them  to  a  ground  station.  During  the  first  live  months  after 
ale  was  launched.  500  weather  balloons  were  released  from  Ar- 
,'iitina.  hole  relayed  pressure  and  temperature  data  from  them  to 
station  in  France,  hole  also  was  used  to  determine  the  location 
the  balloons  to  pros  ide  data  on  wind  velocity, 
hole  was  gravity -gradient-stabilized.  ssitli  antennas  on  the 
id.  that  ssas  oriented  loss  aid  the  earth.  Solar  cells  ssere  mounted 
ith  on  the  satellite  bods  and  on  panels,  sshich  ssere  deployed  in 
bit.  hole  had  two  communication  subsystems:  one  operated  at 
)i  uiid  464  Mii/  for  links  with  sensor  platforms,  and  the  other 
>ed  156  and  148  MH/  for  links  sx ith  ground  terminals.  The  sat- 
lite  had  an  onboard  memory  so  that  it  could  collect  sensor  data 
sen  when  it  ssas  not  in  sight  of  a  ground  terminal.  The  links  he- 
veen  hole  and  the  sensor  platforms  ssere  designed  so  that  the 
ttellite  could  collect  data  on  the  link  range  anil  range  rate.  On 
le  ground,  this  information  ssas  used  to  compute  the  sensor  plat- 
srm  location.  The  satellite  details  are  as  follows: 

iatellite 

•ctagonal  cylinder.  28-in.  d i a . .  21.5-in.  height,  approximately  46 
i,  overall  height  excluding  gras  its -gradient  boom 
86  lb  in  orbit 
olar  cells 

Iras  its -gradient  stabilization 

ransmitter 

64  MH/  (interrogation  of  sensors).  4-W  output.  48  bps 
36.55  MH/  (to  ground  station).  25()-mW  output.  1536  bps 

ieceiver 

01  MH/  (from  sensors).  48  bps 
48.25  MH/  (from  ground  station) 

Vntenna 

,'onical  spiral  for  401  and  464  MH/ 

"urnstile  for  136  and  148  MH/ 

)nboard  storage 

•errite  core  memory 
1102  sixteen-bit  words 

)esign  life 

>ix  months 

)rbit 

'cole:  270  x  386  nmi.  15-deg  inclination 
idle:  365  x  478  nmi.  5()-deg  inclination 

)rbital  history 

‘cole:  launched  12  December  1070 

idle:  launched  16  August  1 07 1 .  operated  more  than  two  years 
s ASA  Scout  launch  vehicle 


Management 

Developed  by  Laboratoire  Central  de  Telecommunications 
(France)  for  C'NhS  (French  national  space  agency  ) 

hole  ssas  launched  in  August  1071  by  a  NASA  Scout  vehicle. 
Although  the  design  life  ssas  six  months,  it  operated  user  tsso 
years.  Following  the  initial  balloon  experiments.  Eole  ssas  used 


to  relay  data  from  a  variety  of  other  sensor  platforms.  The  Eole 
mission  was  followed  by  the  Argos  data  collection  package  built 
by  France  and  flown  on  the  United  States  NOAA  meteorological 
satellites  in  loss -altitude  polar  orbits.  The  most  recent  Argos  is  on 
NOAA  1 1.  launched  in  September  1988. 

1.  L.  Mirabel  and  G.  Cardona.  "Eole  Satellite:  Weather  Balloon 
Location  and  Data  Collection  System."  Electrical  Communi¬ 
cation,  Vol.  47.  No.  1  ( 1972). 

2.  Flight  International  (26  August  1971 ).  p.  343. 

3.  •"Spacecraft  Details."  TRW  Space  Log.  Vol.  10(1972). 


GOES 


The  Geostationary  Operational  Environmental  Satellites' 
GOES)  primary  mission  is  to  gather  and  disseminate  data  con- 
erning  the  earth's  surface  and  atmosphere  1 1-3}.  To  accomplish 
his  mission,  the  satellites  are  equipped  to  perform  three  func- 
ions.  The  first  is  making  visible  and  infrared  measurements  of 


the  surface  and  atmosphere  and  transmitting  these  data  to  a  com¬ 
mand  and  data  acquisition  station  (CDAS)  at  Wallops  Island.  Vir¬ 
ginia.  The  measurements  are  made  by  the  Visible  infrared  spin 
scan  radiometer  Atmospheric  Sounder  (VASi.  The  VAS  operates 
at  multiple  wavelengths:  its  best  resolution  is  0.9  km  in  visible 


light  and  6.9  km  in  infrared.  The  second  function  of  the  satellites 
is  to  relay  processed  VAS  data  and  other  weather  data  from  the 
CDAS  to  receivers  at  various  user  locations.  The  third  function  is 
to  provide  two-way  communications  between  the  CDAS  and 
many  unattended  data  collection  platforms.  The  Japanese  Geo¬ 
stationary  Meteorological  Satellites  have  the  same  function  and 
design  1 4).  The  ESA  Meteosats  |5.6|  are  similar. 

Two  Synchronous  Meteorological  Satellite-  were  predecessors 
to  the  GOES.  They  and  GOES  1  to  3  were  the  same  design. 
Beginning  w  ith  GOES  4.  the  radiometer  was  improved  to  become 
the  VAS.  and  the  satellite  design  changed.  The  GOES  4  version 
of  the  satellite  is  shown.  The  cylindrical  body.  VAS,  and  VAS 
sunshade  are  joined  and  spin  to  provide  stabilization.  The  spin¬ 
ning  also  provides  the  east-west  scanning  motion  for  the  VAS: 
north-south  scanning  is  accomplished  by  tilting  an  internal  mir¬ 
ror.  The  antenna  assembly  is  despun  and  continuously  points  to¬ 
ward  the  earth.  All  communications  and  support  equipment  is 
mounted  inside  the  body.  A  rotary  joint  connects  the  antennas  to 
the  communications  electronics.  The  satellite  also  has  a  magne¬ 
tometer.  x-rav  sensor,  and  other  sensors  for  monitoring  the  space 
environment. 

In  the  GOES  communication  subsystem,  the  28  Mbps  VAS 
data  are  brought  into  the  S-band  receivers,  and  QPSK  modulate 
an  84-MHz  carrier.  This  carrier  is  upconverted.  then  amplified  in 
the  S-hand  driver  and  transmitter  stages  for  transmission  to  the 
ground.  The  VAS  view  s  the  earth,  and  outputs  data,  for  only  37.5 
msec  of  every  600-msec  spin  period.  During  the  remaining  time, 
the  modulator  is  disconnected,  and  signals  received  through  the 
S-band  antenna  are  retransmitted  at  S-band.  These  signals  in¬ 
clude  processed  VAS  data  at  1 .7  Mbps  and  weather  facsimile  data 
at  lower  rates.  Every  30  min.  enough  processed  data  are  transmit¬ 
ted  to  produce  a  global  picture  of  cloud  patterns  and  temperature 
profiles.  This  S-band  channel  also  is  used  for  low  duty  cycle 
tran. .missions  of  ranging  signals  between  three  w  idely  separated 
stations. 

The  CDAS  may  interrogate  data  collection  platforms  (DCP) 
via  a  link  transmitted  to  GOES  at  S-band.  An  intermediate  fre¬ 
quency  signal  from  the  S-band  receivers  is  routed  to  the  UHF  re¬ 
ceivers  and  retransmitted  to  the  platforms  at  UHF.  Return  UHF 
signals  from  the  platforms  are  received  and  routed  to  the  DCP 
transmitter  which  operates  at.  S-band.  The  DCPs  monitor  such 
parameter  ,  us  pressure  temperature,  rain,  snow,  river  levels,  and 
ocean  currents.  Their  transmissions,  at  100  bps.  are  initiated  by- 
interrogation  from  the  CDAS.  an  internal  timer,  or  occurrence  of 
a  specific  phenomenon.  The  GOES  return  channel  can  accommo¬ 
date  up  to  188  simultaneous  transmissions  on  separate  frequen¬ 
cies. 

The  GOES  system  normally  uses  two  operating  satellites,  lo¬ 
cated  at  7 5 1 W  and  I35CW  longitude,  which  together  provide 
good  coverage  of  the  United  States  and  offshore  areas.  At  the  be¬ 
ginning  of  1986.  only  GOES  6  was  fully  active,  and  it  was  placed 
at  a  location  near  l(X)cW  longitude.  Some  of  the  earlier  satellites 
provided  support  using  subsystems  that  had  not  tailed,  e.g.. 
GOES  5.  which  cannot  produce  images  but  still  has  communica¬ 
tions  capability.  In  1987.  GOES  7  was  launched  and  two-satellite 
imaging  was  restored.  The  VAS  on  GOES  6  failed  in  1989.  and 
GOES  7  was  moved  to  I07'JW  longitude.  GOES  6  continued  to 
prov  ide  communications.  The  satellite  details  are  as  follows: 

Satellite 

Cylinder.  85-in.  dia.  (GOES  4  and  subsequent),  approximately 
40-in.  height  (GOES  4  and  subsequent),  heigh!  including  anten¬ 
nas.  143  in. 


975  lb  (GOES  4  and  subsequent)  in  orbit 

Solar  cells  and  NiCd  batteries.  320  W  (GOES  4  and  subsequent) 

after  seven  years 

Spin-stabilized.  KM)  rpm.  ±0.1 -deg  pointing  accuracy 

Configuration 

A:  transmission  of  28  Mbps  data  generated  onboard,  time-shared 
with  retransmission  of  received  data  (all  S-band) 

B:  one  transponder  for  transmissions  from  a  central  station  to  re¬ 
mote  platforms  (S-band  to  UHF) 

C:  one  200-kHz  bandwidth  transponder  for  up  to  188  FDMA.  100 
bps  transmissions  from  remote  platforms  to  a  central  station 
(UHF  io  S-baud) 

Transmitter 

A:  1681.6  MHz  for  internal  data.  1687.1  and  1691  MHz  for  re¬ 
transmitted  data 

20-W  output,  approximately  26-dBW  ERP  at  edge  of  earth 
B:  468.825  MHz.  4-W  output,  approximately  16-dBW  ERP  at 
edge  of  earth 

C:  1694.5  MHz.  0.5-W  output.  6.5-dBW  ERP  at  edge  of  earth 

Receiver 

A:  2029. 1  and  2033  MHz.  - 1 7.6  dB/K  G/T  at  edge  of  earth 
B:  2034.9  MHz.  - 1 7.6  dB/K  G/T  at  edge  of  earth 
C:  401.9  MHz.  - 18.5  dB/K  G/T  at  edge  of  earth 

Antenna 

One  vertically  polarized  S-band  parabolic  antenna  and  one  RHCP 
UHF  helix,  each  has  an  earth  coverage  beamwidth 

Design  life 

Seven  years  (GOES  4  and  subsequent) 
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GOES  communication  subsystem. 


Orbit 

Synchronous  equatorial,  normally  75°W  and  135°W  longitude 

Orbital  history 

SMS  1:  launched  17  May  1974,  moved  to  higher  altitude  after 
useful  life 

SMS  2:  launched  6  February  1975.  moved  to  higher  altitude  after 
useful  life 

GOES  1:  launched  1 6  October  1975.  moved  to  higher  altitude  af¬ 
ter  useful  life 

GOES  2:  Launched  16  June  1977.  moved  to  higher  altitude 
GOES  3:  Launched  16  June  1978,  failed 
GOES  4:  launched  9  September  1980.  moved  to  higher  altitude 
GOES  5:  launched  22  May  1981.  failed 

GOES  6:  launched  28  April  1983,  VAS  failed  January  1989. 

v.  in.munications  still  active.  135°W  longitude 

GOES  G:  launch  vehicle  failure  May  1986 

GOES  7:  launched  26  February  1987.  active,  l()7°W  longitude 

GOES  I  (8  after  launch):  probable  launch  late  1992  or  1993 

GOES  J  (9  after  launch):  probable  launch  1993 

Delta  2914  launch  vehicle  (through  GOES  3) 

Delta  3914  launch  vehicle  (GOES  4  to  6) 

Delta  3920  launch  vehicle  (GOES  7) 

Atlas  Centaur  launch  vehicle  (GOES  1.  J) 


Management 

Developed  by  Ford  Aerospace  (through  GOES  3  and  8  to  12). 
Hughes  Aircraft  Company  (GOES  4  to  7).  for  NASA,  acting  for 
National  Oceanic  and  Atmospheric  Administration  (NOAA) 
Operated  by  NOAA 
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SATELLITES  P76-5,  P83-1,  AND  P87-1 


Satellite  P76-5  was  one  of  many  scientific  satellites  launched 
by  the  Air  Force  Space  Test  Program,  its  payload  was  a  multifre- 
qucncy  radio  beacon  called  the  ON  A  (Defense  Nuclear  Agency ) 
Wideband  experiment  1 1 1.  The  experimental  program  using  this 
beacon  was  designed  to  characterize  the  perturbations  imposed 
on  radio  waves  as  they  propagate  througn  structm  I  plasmas  in 
the  ionosphere.  The  program  incl'’-1-  J  measure’  ’s  of  ampli¬ 
tude  fading  and  phase  scintillations  as  functions  <>  1  me.  frequen¬ 
cy.  and  location. 

The  Wideband  experiment  transmitted  ten  phase-coherent  sig¬ 
nals.  all  derived  from  a  single  crystal  oscillator.  The  ten  frequen¬ 
cies  included  one  YHR  seven  I’HF.  one  l.-band.  and  one  S-band. 
Specific  t'rcqueneies  are  delineated  below.  The  S-band  signal 
served  .m  undisturbed  (at  most  times!  phase  reference  for  the 
lower  frequencies.  All  were  transmitted  with  circular  polariza¬ 
tion. 

T  he  P76-5  satellite  was  a  modified  Transit  satellite  from  the 
Navy  navigation  satellite  program.  The  modification  was  prima¬ 
rily  substituting  the  Wideband  experiment  for  the  nav  igation  pay  - 
load.  The  satellite  body  was  an  octagonal  cylinder.  A  gravity- 
gradient  boom  was  deployed  front  the  satellite  in  the  antiearth 
direction,  and  four  solar  panels  unfolded  into  the  plane  normal  to 
the  boom,  spaced  40  deg  apart.  The  experiment's  antenna  was  on 
the  earth-facing  side  of  the  satellite.  The  satellite  details  are  as 
follow  s: 

Satellite 

Octagonal  cylinder  12-in.  height.  18-in.  dia.:  height  with  gravity- 
gradient  boom  approximately  KM)  ft:  span  across  opposite  solar 
panels  approximately  10  ft 
Approximately  1 10  lb  in  orbit 

Solar  array  and  NiCd  batteries.  45  W  beginning  of  life 
( irav  it x  -gradient  stabilization 

Transmitter 


137.675  MHz 

12th  Harmonic 

26-dBW  LRP 

378.606 

33,d 

27 

340.074 

34  th 

26 

401.552 

35th 

30 

413.024 

36(h 

27 

424.447 

37th 

27 

435.470 

3Sth 

25 

447.443 

34th 

28 

1234.073 

108th 

25 

2841.171 

252nd 

27 

Antenna 

Several  radiators  with  a  60-in.  ground  plane,  approximately  earth 


coverage  beams  w  ith  lower  gain  at  beam  center  to  approximate 
uniform  coverage.  RHCP 

Orbit 

542  x  567  nmi.  44.6-deg  inclination,  sun  synchronous 

Orbital  history 

Launched  22  May  1076 
Scout  launch  vehicle 

Management 

Developed  by  RC'A  (satellite)  and  Stanford  Research  Institute 
(experiment)  for  Defense  Nuclear  Agency 

Satellite  P83-I.  also  called  the  HiLat  satellite  |2.  3 1.  was  an¬ 
other  Air  Force  Space  Test  Program  launch.  It  had  live  experi¬ 
ments  to  study  and  characterize  behav  ior  of  the  ionosphere  at 
high  latitudes.  One  experiment  was  a  multifrequency  beacon,  for 
amplitude  and  phase  scintillation  measurement,  which  was  a  suc¬ 
cessor  to  the  Wideband  experiment  on  P76-5.  The  beacon  fre¬ 
quencies  were  the  1 38-.  340-.  4 1 3-.  436-.  and  1234-MHz  lines  of 
the  Wideband  spectrum.  They  were  transmitted  circularly  polar¬ 
ized.  The  25(>-lb  P83- 1  was  launched  on  27  June  1483  by  a  Scout 
launch  vehicle  into  a  430-nmi  circular  orbit  at  82-deg  inclination. 

HiLat  was  followed  by  P87-I.  the  Polar  BHAR  < Beacon  L\- 
perimeut  and  Auroral  Research)  satellite  1 3.  4|.  Its  purpose  was 
to  help  characterize  the  ionosphere  near  the  north  pole,  with  a 
view  to  improving  communications.  The  Polar  BLAR  had  three 
experiments:  one  was  an  improved  version  of  the  HiLat  beacon. 
T  he  spacecraft  supporting  these  experiments  was  a  former  Nav  y 
Transit  nav  igation  satellite.  This  spacecraft  had  been  on  display 
for  eight  years  in  the  Smithsonian  Air  and  Space  Museum.  It  was 
requisitioned  and  refurbished  for  Polar  BLAR.  because  no  other 
spare  Transits  existed:  a  test  model  of  Transit  took  its  place  in  the 
museum.  The  275-lb  Polar  BLAR  was  launched  on  13  November 
1 986  by  a  Scout  into  a  625-nmi  orbit. 

1 .  L.  J.  Lremouw.  et  al..  "Larly  Results  from  the  DNA  Wideband 
Satellite  Lxperiment."  Radio  Science.  Vol.  13.  No.  I  (January  - 
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ENGINEERING  TEST  SATELLITE-II 


The  Japanese  Lngineering  Test  Satellite- 1 1  (LTS-II  or  Kiku  II) 
was  a  beacon  satellite  whose  objectives  were  to  develop  and  test 
Japan's  ability  to  launch  and  control  a  sy  nchronous  orbit  satellite 
and  to  make  propagation  measurements  |  ]  - 3 1 .  The  LTS-II  was  a 
United  Scales-built  satellite  with  a  design  that  was  basically  the 
same  as  Sky  net  I.  It  was  a  spin-stabilized  satellite  with  a  set  of 
three  antennas  that  were  despun.  Lach  antenna  was  used  for  one 
of  the  beacon  transmissions,  which  were  at  1.7.  1 1.5.  and  34.5 
(ill/  All  three  frequencies  were  derived  by  multiplication  from  a 


common  oscillator  at  about  213  MHz.  The  propagation  measure¬ 
ments  in  the  LTS-II  program  were  signal  level  and  cross-polar¬ 
ized  level  at  each  frequency  and  phase  differences  between 
several  pairs  of  signals  and  cross-polarized  components.  The  sat¬ 
ellite  design  details  are  as  follows. 

Satellite 

Cylindrical  body.  55-in.  dia..  overall  height.  71.5  in. 

286  lb  in  orbit 
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One  end-lire  antenna  in  a  cavity  for  1 .7  GH/ 

Design  life 

One  year 

Orbit 

Synchronous  equatorial.  I30"E  longitude.  E-W  stationkeeping  to 
±0.5  deg 

Orbital  history 

Launched  23  February  1977 
Operations  ended  May  1978 
Japanese  N  launch  vehicle 

Management 

Developed  by  Ford  Aerospace  and  Communications  Corporation 
under  contract  to  Mitsubishi  for  National  Space  Development 
Agency  of  Japan 
Operated  by  NAS  DA 

ETS-1I  was  launched  from  Tanegashima.  Japan,  in  February 
1977.  The  launch  vehicle  was  a  Japanese  N  rocket,  built  under  li¬ 
cense  and  based  on  the  1970-s:yle  Delta  launch  vehicle.  This 
launch  serv  ed  a.>  a  test  of  the  N  rocket  and  control  netw  ork  for  the 
JECS  launch  in  1979.  Initial  tests  were  conducted  in  March 
1977.  and  the  propagation  experiment  was  operated  from  April 
1977  to  May  1978. 
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SARSAT-COSPAS 

Many  aircraft  and  ships  carry  small  transmitters  that  may  be  sion  is  continuous  from  activation  as  long  as  power  is  available, 

used  to  broadcast  emergency  signals.  However,  because  of  their  Civ  ilian  transmitters  use  121.5  MH/  and  military  transmitters  use 

limited  power,  they  have  a  short  range.  Thus,  in  most  cases,  res-  243  MH/.  Improved  transmitters  were  made  available  beginning 

cue  organizations  must  be  alerted  to  the  emergency  by  other  in  1985:  they  transmit  in  the  406-  to  406. 1  -MH/  band.  They  have 

means  and  home  on  the  transmitted  signal  only  after  they  reach  improved  frequency  stability,  which  simplifies  the  processing  re- 

the  v  icinity  of  the  emergency.  Since  satellites  can  see  a  large  por-  quired  to  extract  position  information  from  the  received.  Doppler- 

tion  of  the  earth,  they  have  a  much  better  chance  of  receiv  ing  shifted  frequency.  In  addition,  they  transmit  only  a  440-  or  520- 
these  emergency  signals.  Canada  tested  this  concept  in  1975  us-  msec  burst  approximately  every  50  sec.  Thus,  multiple  transmit- 

ing  an  Oscar  satellite.  Satellite  reception  is  now  being  used  in  a  ters  w  ithin  view  of  one  satellite  w  ill  have  a  small  probability  ot 

program  called  Sarsat  (search  and  rescue  satellite-aided  tracking)  interfering  w  ith  each  other.  Finally,  their  burst  transmissions  may 
1 1  - 16]  In  the  Soviet  Union,  it  is  called  Cospas,  from  the  Russian  contain  data  that  will  include  the  identity  of  the  vessel  in  trouble 

words  for  Space  Svstem  for  the  Search  of  Distressed  Vessels.  and  perhaps  also  its  estimated  location. 

This  program,  a  cooperativ  e  effort  of  the  United  States.  Canada.  The  first  Sarsat-equipped  satellite  was  Cosmos  1383.  launched 

France,  and  the  Soviet  Union,  formally  started  in  1980.  Since  it  in  June  1982.  The  second  was  the  United  States  NOAA8  weather 

started,  live  other  nations  have  become  associated  with  it.  satellite  launched  in  March  1983.  The  third  was  Cosmos  1447. 

The  emergency  transmitters,  which  were  developed  in  the  launched  in  the  same  month.  Another  Cosmos  and  NOAA  9  were 

1970s.  transmit  a  distinctiv  ely  modulated  signal.  The  transmis-  launched  in  1984.  Cosmos  1383  was  operating  only  intermittently 


alar  cells  and  NiCd  batteries.  92  \V  minimum  after  one  year 
pin-stabili/ed.  approximately  100  rpm.  ±0.5-deg  antenna  point- 
ig  accuracy 

lonfiguration 

hree  beacon  transmitters 

ransmitter 

.705  GHz:  CW  or  100‘i  amplitude  modulation  by  300- Hz 
quare  wave.  6-dBW  measured  ERP 
1.50875  GHz.  CW.  20-dBW  measured  ERP 
4.52625  GHz:  CW  or  1 00*4  amplitude  modulation  by  300- Hz 
quare  wave.  24-dBW  measured  ERP 

Vntenna 

Two  parabolic  reflectors,  one  each  for  1 1 .5  and  34.5  GHz.  2.2-deg 
icamwidth  at  34.5  GHz 


by  1985.  but  the  other  four  satellites  comprised  the  agreed-on 
operational  constellation  of  two  satellites  each  from  the  United 
States  and  the  Soviet  Union.  NOAA  8  failed  at  the  end  of  1985 
and  was  not  replaced  until  NOAA  10  was  launched  in  September 
1986.  NOAA  1 1.  launched  in  September  1988.  replaced  NOAA 

9.  and  the  fourth  and  fifth  Cospas-equipped  Cosmas  satellites 
were  launched  in  August  1989  and  March  1991.  All  of  these  sat¬ 
ellites  are  in  polar  orbits  at  altitudes  between  about  400  and  550 
nmi.  The  polar  orbit  provides  coverage  of  northern  latitudes  not 
visible  to  synchronous  orbit,  and  the  motion  of  the  satellite  over 
the  beacon  generates  the  Doppler  shift  used  for  position  estima¬ 
tion.  The  Cosmos  satellites  have  121-  and  406-MH/  receivers. 
The  NOAA  satellites  have  Canadian-built  121-  and  243-MH/  re¬ 
ceivers  and  a  Trench-built  406-MH/  receiver  and  processor.  All 
the  satellites  retransmit  received  signals  at  1544.5  MH/.  Signals 
received  at  121  and  243  MH/  are  retransmitted  in  real  time  only: 
if  no  ground  station  is  in  v  iew,  the  signal  is  lost.  In  contrast,  the 
406-MH/  signals  are  processed  on  the  satellites:  the  resultant  data 
are  retransmitted  immediately  and  stored  for  later  transmission  to 
other  ground  locations. 

By  1986.  there  were  three  Sarsat  ground  stations  (called  Local 
User  Terminals.  LlTs)  each  in  the  United  Stales  and  the  Soviet 
Union  and  one  each  in  Trance  and  Canada.  Ten  have  been  built  in 
other  countries  since  then,  Each  station  can  receiv  e  signals  from 
any  satellite  whenever  it  is  in  view.  The  stations  process  the  sig¬ 
nal  to  determine  the  location  of  the  transmission.  Location  accu¬ 
racy  is  about  12  nmi  with  the  older  transmitters,  and  better  than 
2  nmi  with  the  new  406-MH/  transmitters. 

Information  received  at  a  LIT  is  sent  to  a  national  mission 
control  center.  These  exist  in  the  United  States.  Soviet  Union. 
France.  Canada.  United  Kingdom.  Norway,  and  Brazil.  These 
centers  communicate  with  each  other  and  with  rescue  coordina¬ 
tion  centers  belonging  to  the  agencies  that  conduct  rescues.  As 
many  as  six  more  nations  are  expected  to  build  mission  control 
centers  by  1902. 

The  Sarsat  demonstration  began  with  the  Cosmos  1383 
launch.  The  first  rescue  supported  by  the  satellite  occurred  in 
Canada  in  September  1982.  Since  then,  the  system  has  aided  var¬ 
ious  rescue  attempts.  The  speed  of  the  Sarsat-aided  rescues  is 
credited  with  sa1  ing  over  100  lives  by  the  end  of  1983.  over  500 
by  mid- 1986.  and  over  1200  by  early  1989.  as  well  as  reducing 
risk  to  searchers. 

expansions  of  the  system  are  being  investigated.  Although  the 
current  set  of  eighteen  l.l'Ts  can  see  a  Sarsat  or  Cospas  satellite 
almost  anywhere  north  of  the  equator,  there  are  coverage  gaps 
south  of  the  equator,  liven  with  the  406-MH/  capability,  these 
gaps  become  time  delays  in  the  rescue  process.  With  the  older 
beacons,  no  capability  is  available  in  the  gaps,  liven  if  the  gaps 
were  filled,  several  hours  could  elapse  before  one  of  the  satellites 
passed  in  view  of  a  beacon.  Therefore,  synchronous  altitude  sat¬ 
ellites  are  a  supplementary  resource.  They  have  constant  visibili¬ 
ty  to  about  one-third  of  the  earth  but.  being  farther  away,  they 
require  more  beacon  power.  Tests  began  with  CiOTiS  7  m  19X7- 
19X8  Additional  tests  were  conducted  with  Inmarsat  satellites 
and  I  .ft-GH/ beacons. 
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DOD  LIGHTSATS 


For  about  a  decade.  DARPA  has  been  investigating  small,  low- 
cost  satellites  as  a  supplement  to  the  large  satellites  currently  used 
by  DoD.  The  emphasis  for  these  small  satellites,  called  Lightsats. 
is  survivable.  quick-reaction  launches  and  direct  support  to  mili¬ 
tary  forces  in  the  field.  Many  missions  have  been  proposed  for 
Lightsats. 

Foe  projects  have  produced  Lightsats  for  communications  1 1- 
4|.  The  satellite  designs  are  summarized  in  Table  1.  The  Global 


Low  Orbiting  Message  Relay  (GLOMR)  was  the  first  of  them, 
and  the  first  of  any  type  of  DoD  Lightsat.  The  goal  of  the  project 
was  to  show  the  feasibility  of  building  a  satellite  in  less  than  one 
year  and  to  demonstrate  a  digital  communications  capability  in 
orbit.  The  communications  payload  capabilities  included  com¬ 
mand  and  readout  of  unattended  ground  sensors,  store  and  for¬ 
ward  messaging  for  military  users,  and  location  of  transmitters  bv 
the  doppler  shift  of  the  received  signal. 

The  GLOMR  satellite  fits  in  a  Shuttle  Getaway  Special  canis¬ 
ter.  In  orbit,  the  canister  lid  opens  and  the  satellite  is  ejected.  The 


ejection  mechanism  failed  during  an  April  1985  Shuttle  mission, 
but  the  satellite  was  successfully  ejected  during  an  October  1985 
mission.  The  initial  orbit  altitude  was  I76nmi.  GLOMR  operat¬ 
ed  successfully  and  accomplished  its  mission  objectives.  Due  to 
atmospheric  drag,  its  altitude  decreased  and  its  orbit  decayed  in 
December  1986.  at  which  time  it  was  still  working. 

The  Multiple  Access  Communications  Satellites  (Macsats)  are 
two  identical  Lightsats  launched  on  a  Scout  in  May  1990.  They 
each  have  a  digital  store-and-forward  ca¬ 
pability  similar  to  that  of  GLOMR.  Like 
GLOMR.  satellite  operations  and  com¬ 
munications  control  is  provided  by  an 
80C86  microprocessor  in  the  satellite. 

The  Mierosats  are  smaller:  seven  were 
attached  to  one  dispenser  for  a  Pegasus 
launch  in  July  1991.  They  achieved  a 
lower  altitude  than  planned,  reducing 
their  life  to  one  year.  Each  satellite  has  a 
microprocessor-controlled  digital  com¬ 
munications  payload.  The  payload  is 
similar  to  that  on  the  Macsats  but  without 
the  same  redundancy  and  w  ith  less  mem¬ 
ory.  Mierosats  can  be  used  for  bent-pipe 
or  store-and-forward  communications. 

The  Small  Experimental  Communica¬ 
tions  Satellite  (SECS)  is  a  Navy  satellite 
based  on  the  GLOMR  design.  It  was 
launched  as  a  secondary  satellite  on  the 
first  Pegasus  launch,  attached  to  Pegsat. 
the  primary  satellite,  and  separated  in  or¬ 
bit. 
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Table  I .  DoD  Lightsats 


PROJECT 

GLOMR 

MACSAT 

MICROSAT 

SECS 

Shape 

many  sided, 

approximately 

spherical 

cylinder 

12-sided  cylinder 

many  sided, 

approximately 

spherical 

Size 

16-in.  dia. 

24-m.  dia.. 

14-in.  dia. 

19-in  dia. 

14-in.  tall 

16-in.dia. 

Weight 

150  lb 

150  lb 

50  lb 

150  lb 

Solar  array 
output 

8-W  peak, 

4-W  average 

9-W  average 

23-W  peak. 

3-  to  8-W  average 

8-W  peak, 

4-W  average 

Battery  type 

lead  acid 

NiCd 

NiCd 

Stabilization 

spin 

gravity  gradient 

spin 

spin 

Frequency  band 

UHF 

UHF 

UHF 

UHF 

Transmitters 

2  (1  spare) 

10-W  output 

2  (1  spare) 

10-W  output 

1,  10-W  output 

2  (1  spare) 

10-W  output 

Receivers 

2(1  spare) 

2  ( 1  spare) 

1 

2  (1  spare) 

Modulation 

BPSK.  FSK 

BPSK.  FSK 

FSK 

Rates 

1  2  kbps 

1.2  or  2.4  kbps 

up  to  9.6  kbps 

Design  life 

1  yr  required 

3-year  goal 

1  yr  required. 

3-yr  goal 

Initial  orbit 

176  nmi. 

57-deg  mcl 

490  nmi.  polar 

190  x  245  nmi. 

82 -deg  incl. 

315  nmi.  polar 

Launch  date 

October  1985 

May  1990 

July  1991 

April  1990 

Launch  vehicle 

Shuttle 

Scout 

Pegasus 

Pegasus 

Sponsor 

DARPA 

DARPA 

DARPA 

Navy 

Contractor 

Defense 

Systems.  Inc 

Defense 

Systems  Inc 

Defense 

Systems.  Inc 

Defense 

Systems.  Inc. 

OTHER  SMALL  SATELLITES 


Small  satellites  with  digital  store-and-forward  message  pay- 
loads  have  become  popular  since  the  late  1980s  1 1 1.  The  major 
groups  are  the  amateur  radio  operators'  Oscar  satellites  and  the 
DoD  Lightsats.  Other  organizations  are  building  similar  satel¬ 


lites.  using  microelectronics  to  obtain  a  useful  capability  in  a 
small  satellite. 

Four  satellites,  DoS  AT  5  (described  earlier).  Tubsat.  SARA, 
and  Orbcomm  X.  were  launched  in  July  1991  as  secondary 


payloads  on  an  Ariane  rocket.  The  Technical  University  of  Berlin 
built  Tubsat.  a  66-lb  satellite  with  a  store-and-forward  payload. 
One  use  of  the  payload  will  be  to  relay  data  from  transmitters  on 
animals,  and  to  locate  the  transmitters  using  doppler  measure¬ 
ments. 

SARA  is  a  40-lb  satellite  built  in  France.  Its  purpose  is  to  re¬ 
ceive  radio  emissions  from  space  and  retransmit  them  to  earth. 

Orbcomm  X  |2)  is  a  26-lb  satellite  built  by  Orbital  Sciences 
Corporation.  It  is  a  prototype  for  a  low  orbit  system  for  mobile 
communications,  for  which  Orbital  Sciences  has  submitted  an  ap¬ 
plication  to  the  United  States  Government.  The  purposes  of  Orb¬ 
comm  X  were  to  do  a  spectrum  survey  in  the  bands  for  the 
proposed  system  and  to  demonstrate  packet  radio  communica¬ 
tions.  Both  purposes  would  have  contributed  to  reduced  uncer¬ 


tainties  in  the  system  design.  However.  Orbcomm  X  ceased 
operating  less  than  one  day  after  launch. 

Sweden  had  announced  plans  for  a  store-and-forward  mail  sat¬ 
ellite  named  Mailstar.  The  payload  for  this  satellite  was  later 
combined  with  a  technology  payload  onto  a  new  satellite  called 
Freja.  The  planned  launch  is  at  the  end  of  1992  on  a  Pegasus 
launch  vehicle. 
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SATELLITE  COMMUNICATIONS  TO  THE  YEAR  2000 


Without  a  doubt,  the  field  of  communication  satellites  will 
continue  to  grow.  Present  domestic,  regional,  international,  and 
military  systems  w  ill  introduce  new  generations  of  satellites.  The 
slowest  growth  will  be  in  the  military  systems.  As  a  whole,  do¬ 
mestic  and  regional  systems  will  grow,  but  growth  will  vary  con¬ 
siderably  in  different  parts  of  the  world.  The  United  States  and 
Canadian  domestic  systems,  being  the  most  mature,  w  ill  have  the 
slowest  growth.  The  rapid  growth  will  still  be  in  the  new  domes¬ 
tic  systems  of  both  industrialized  and  developing  countries.  Do¬ 
mestic  systems'  growth  will  continue  to  include  both  dedicated 
satellites  and  purchases  and  leases  from  Intelsat.  Both  the  Intelsat 
and  Inmarsat  international  systems  also  w  ill  grow.  Fiber  optic 
transmission  systems  are  coming  into  use  and  have  been  dis¬ 
cussed  as  a  competitor  that  w  ill  slow  satellite  grow  th.  This  asser¬ 
tion  is  based  on  their  tremendous  capacity — about  500  Mbps  per 
fiber  and  about  two  dozen  fibers  per  cable  at  the  present  time. 
Obviously,  the  capacity  is  many  times  that  of.  for  example,  a  24- 
transponder  satellite  at  60  Mbps  per  transponder.  However,  fiber 
optics  are  limited  by  their  point-to-point  routing  and  distance- 
sensitive  costing.  Communications  satellites  are  not  subject  to  ei¬ 
ther  restriction;  thus,  both  media  should  find  many  opportunities 
for  expansion. 

The  largest  new  application  of  satellites  w  ill  be  in  mobile  com¬ 
munications.  Marisat  and  Inmarsat  pioneered  service  to  ships.  In 
the  late  1980s.  Inmarsat  tested  communications  to  airplanes,  and 
operational  service  has  begun.  Inmarsat  also  is  providing  service 
to  land  mobile  users.  New  systems  for  mobile  users  are  part  of 
Aussat  B  and.  by  1994.  the  MSat  system  in  North  America.  Cov¬ 
erage  should  expand  to  other  parts  of  the  earth  in  the  second  half 
of  this  decade.  The  sy  stems  in  development  all  use  synchronous 
orbit  satellites,  but  several  low  -orbit  multisatellite  systems  have 
been  proposed  also.  Perhaps  one  or  more  will  be  operating  by 
1996.  The  primary  engineering  change  for  the  synchronous  satel¬ 
lites  will  be  increased  antenna  diameters,  to  about  18  to  25  ft. 
Follow  -on  satellites,  launched  near  the  end  of  the  decade,  will 
use  much  larger  antennas  (at  least  50  ft)  to  multiply  capacity  bv 
frequency  reuse  in  multiple  beams. 

Satellite  broadcasting  w  ill  grow,  but  at  a  pace  slower  than  has 
been  predicted.  The  emphasis  of  the  broadcasting  is  television, 
hut  high-quality  sound  broadcasting  also  is  being  done.  Although 
a  few  high-power  broadcasting  satellites  are  being  used  in  Europe 
and  Japan,  the  growth  in  this  application  will  be  primarily,  per¬ 
haps  solely,  from  ever  higher-powered  communication  satellites. 
Low -power  broadcasting  is  well  established  in  the  United  States 
as  a  by-product  of  telev  ision  distribution  for  network  and  cable 
use.  Medium-power  broadcasting  has  followed  the  same  path, 
but  with  increasing  recognition  that  home  receivers  are  no  longer 
a  secondary  market,  hut  a  primary  one.  Both  Hutelsal  and  Astra 
have  considerable  business  in  12-GH/.  medium-power  broad¬ 
casting  m  Europe.  These,  and  national  systems,  will  continue  to 
grow.  By  the  turn  of  the  century,  it  is  probable  that  the  high-pow  ¬ 
er  broadcast  satellite  will  no  longer  exist  as  a  distinct  type  of  com¬ 
munications  satellite.  Rather,  general  communications  satellites 
will  provide  both  television  broadcasting  and  voice/data  services 
to  ever  larger  numbers  of  ground  terminals  with  small  antennas. 

The  demand  for  business  communications  is  obvious  in  the 
developed  countries  and  is  expected  to  increase  substantially. 
Satellite  capacity  was  adequate  in  the  United  States  and  Europe 
but  was  nonexistent  in  Japan  until  1988.  Business  communica¬ 


tions  are  centered  on  the  12/14-GHz  band,  where  exclusive  satel¬ 
lite  allocations  in  some  countries  eliminate  interference  problems 
and  permit  siting  of  relatively  small  terminals  at  customer  loca¬ 
tions.  The  increasing  demand  within  countries  and  international¬ 
ly  is  being  met  by  satellite  designs  with  more  channels,  more 
routing  flexibility,  and  higher  transmitter  powers.  For  many  busi¬ 
ness  communications  needs,  low  to  moderate  data  rates  are  suffi¬ 
cient.  and  very  small  aperture  terminals  (VSATs)  may  be  used. 
VSATs  typically  have  antenna  diameters  of  3  to  6  ft  and  are  com¬ 
mon  in  the  United  States.  Substantial  numbers  of  VSATs  are 
coming  in  Europe,  and  they  also  are  spreading  to  other  countries, 
including  less  developed  countries. 

To  keep  pace  with  increasing  capacity  demands  for  all  types  of 
satellite  communications,  new  features  w  ill  be  incorporated  into 
satellite  and  system  designs.  The  1970s  saw  a  relatively  full  ex¬ 
ploitation  of  the  4/6-GHz  band,  and  the  1980s  produced  the  same 
for  the  10-  to  14-GHz  bands  in  the  developed  countries.  Al¬ 
though  use  of  the  20/30-GHz  band  has  begun  with  the  Japanese 
CS.  large-scale  use  of  these  bands  w  ill  occur  in  the  late  1990s  to 
early  2000s  after  the  preliminary  investigations  with  Olympus. 
Italsat.  and  ACTS.  In  addition,  experiments  in  the  40-  and  50- 
GHz  bands  will  be  conducted  in  the  1990s.  At  the  same  time, 
less-developed  countries  w  ill  seek  greater  use  of  the  4/6-GHz 
band  for  communications  and  education  for  national  develop¬ 
ment.  with  an  emphasis  on  low  cost  and  simple  ground  hardware. 

Antenna  evolution  also  will  contribute  to  increased  capacity. 
Shaped  beams,  using  multiple  feed  horns,  have  been  used  for  sev¬ 
eral  years,  with  Intelsat  having  the  most  advanced  designs.  These 
antennas  will  continue  to  increase  in  sophistication.  The  use  of 
spot  beams  will  grow  and  their  beamwidth  will  decrease,  leading 
to  greater  frequency  reuse.  Italsat  is  the  first  to  use  many  spot 
beams  in  one  country.  Satellites  that  cover  the  United  States  or 
Europe  with  dozens  of  independent  spot  beams  have  been  dis¬ 
cussed  but  are  unlikely  to  be  launched  this  decade.  Another  con¬ 
cept  that  has  been  studied  is  a  scanning  spot  beam.  This  will  be 
tested  on  ACTS  and  may  be  in  use  by  the  mid-1990s.  Although 
this  technology  can  be  applied  to  any  frequency,  the  biggest  use 
will  be  above  10  GHz.  where  reasonably  sized  reflectors  (e.g..  up 
to  10-  to  12-ft  diameter)  can  be  used  to  produce  narrow  beams. 

The  use  of  signal  processors  in  satellites  is  another  design  step 
that  will  prov  ide  capacity  growth.  The  processing  can  include 
switch  matrices,  either  IF  or  baseband,  which  operate  at  a  TDM  A 
burst  rate;  demodulation  and  remodulation;  demultiplexing  and 
multiplexing  of  bit  streams:  coding  and  decoding;  and  routing  of 
messages  by  reading  headers.  Early  applications  of  these  tech¬ 
niques  are  on  Intelsat  VI.  Olympus.  Italsat.  and  ACTS.  Some  of 
these  techniques  will,  of  necessity,  come  into  use  on  multibeam 
satellites  to  efficiently  interconnect  a  ground  terminal  population 
div  ided  among  many  beams. 

Less  complex,  hut  also  significant,  contributors  to  sy  stem  ca¬ 
pacity  are  receiver  noise  reductions  and  power  amplifier  improve¬ 
ments.  The  noise  reductions  are  due  to  the  development  of  GuAs 
field  effect  and  high  electron  mobility  transistors,  which  are  in 
use  now  in  ground  and  space  receivers.  Improvements  from  1984 
to  1990  y  ielded  up  to  four  times  the  capacity  if  other  parameters 
remain  constant,  or  reduced  requirements  on  other  equipment. 
The  improvements  are  continuing  but  may  reach  practical  lower 
limits  by  mid-decade.  Transmitter  power  amplifiers  are  either 
TVVTAs  or  solid  state.  The  practical  power  levels  for  satellite 


TWTAs  have  doubled  approximately  every  decade.  The  efficien¬ 
cies  also  have  improved,  although  at  a  slower  rate.  Solid-state 
amplifiers  have  become  the  most  common  satellite  power  ampli¬ 
fier  at  4  GHz.  Typical  power  levels  are  about  10  W.  although  20- 
W  amplifiers  also  exist.  Downlink  power  density  regulations  will 
cause  these  power  levels  to  remain  about  the  same  in  the  future. 
Although  they  have  lower  power  conversion  efficiency,  they  con¬ 
tribute  significantly  to  greater  capacity,  because  their  distortions 
are  lower  than  those  of  TWTAs.  At  12  GHz.  solid-state  amplifier 
capabilities  are  less  than  at  4  GHz.,  but  typical  satellite  transmitter 
powers  (with  TWTAs)  are  much  higher  due  to  bands  without 
power  density  regulations.  Therefore,  there  will  be  little  use  of 
12-GHz  solid-state  amplifiers  throughout  the  decade. 

Operational  use  of  intersatellite  links  started  in  1983  with 
TDRS.  The  use  of  these  links  between  synchronous  altitude  sat¬ 
ellites  has  been  studied  for  several  years.  However,  their  use  will 
probably  not  occur  until  after  the  mid-1990s.  Potential  benefits 
include  positioning  of  satellites  to  improve  ground  elevation  an¬ 
gles  or  to  avoid  crowded  sections  of  the  orbit,  interconnecting 
widely  spaced  satellites  to  avoid  double  hop  links,  and  intercon¬ 
necting  various  types  of  satellites  (e.g..  mobile  satellite  to  Intel¬ 
sat)  to  provide  more  direct  or  flexible  routing  of  links. 

Enhancements  of  transmission  techniques  also  will  contribute 
to  improved  capacity.  This  covers  modulation,  coding,  band¬ 
width  compression,  and  multiple  access  methods.  Ground  hard¬ 
ware  plays  the  predominant  role  here,  and  application  of  available 
technology  will  be  more  significant  than  development  of  new 
technology.  Nevertheless,  developments  will  continue  and  will 
eventually  be  brought  into  use.  The  most  activity  is  in  the  area  of 
voice  processing  to  increase  the  number  of  voice  circuits  per  unit 
bandwidth.  Specific  techniques  that  are  already  used  occasional¬ 
ly.  but  should  see  significant  use  in  the  1990s,  include  digital 
speech  interpolation,  companding,  delta  modulation,  and  voice 
encoding.  In  addition,  video  bandwidth  compression  techniques 
will  be  important,  both  for  full  rate  and  slow  scan  transmissions. 
Also,  the  use  of  TDM  A  will  increase,  and  modulation  formats 
with  improved  spectral  efficiency  may  be  applied  to  operational 
systems. 


Spacecraft  technology  will  progress  to  support  larger  or  more 
complex  communication  subsystems.  A  major  effort  at  present  is 
in  large  lightweight  solar  arrays  that  can  provide  3  to  6  kW  of 
power.  These  are  most  necessary  for  broadcast  satellites  or  com¬ 
munication  satellites  with  many  high-power  transponders.  Nick¬ 
el  hydrogen  batteries  have  been  flown  on  several  satellites  and.  by 
the  start  of  the  1990s,  will  displace  nickel  cadmium  batteries  in 
high-power  satellites.  In  propulsion  subsystems,  several  satellite 
designs  are  incorporating  unified  bipropellant  systems  and/or 
electrothermal  thrusters.  Both  provide  improved  performance-to- 
weight  ratios.  The  next  step  will  be  electric  propulsion  for  sta¬ 
tionkeeping.  which  will  be  used  first  in  1993.  Attitude  control  ac¬ 
curacies  have  been  improved  to  satisfy  requirements  for  more 
accurate  antenna  pointing,  while  at  the  same  time  coping  with  the 
motions  of  large  flexible  appendages.  Whereas  ±0. 1  -deg  pointing 
characterized  the  1970s.  ±0.05  deg  is  not  unusual  now.  The  ma¬ 
jor  contributor  to  the  improvement  is  the  use  of  satellite  receivers 
that  track  ground-based  beacons.  Except  for  unusual  applica¬ 
tions.  beamwidths  will  not  decrease  much  more  this  decade,  so 
attitude  control  accuracies  of  ±0.05  to  ±0.1  deg  will  continue. 
Structurally,  graphite  composites  and  beryllium  are  already  in 
common  use  where  low  weight  and  stiffness  are  important.  The 
composites  also  have  very  low  thermal  expansion  coefficients. 
The  mechanical  challenge  of  future  communication  satellites  w  ill 
probably  be  in  ever  larger  antennas  and  their  deployment  and 
steering  mechanisms.  Large  deployed  antennas  and  solar  arrays 
will  require  more  sophisticated  controls  to  counter  the  motions  of 
these  assemblies  and  maintain  accurate  antenna  pointing. 

Large  space  platforms  have  been  discussed  since  about  1980. 
Sizes  as  large  as  200  ft  have  been  considered,  with  each  platform 
accommodating  many  communication  subsystems.  As  an  alter¬ 
native.  clusters  of  conventional  satellites,  joined  by  intersatellite 
links,  have  been  proposed.  While  both  concepts  have  their  mer¬ 
its.  they  face  institutional  problems  as  well  as  technical  problems. 
These  platforms  or  clusters  are  unlikely  to  be  launched  until  after 
the  turn  of  the  century. 
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APPENDIX  A 

THE  ITU  AND  INTERNATIONAL  FREQUENCY  ALLOCATIONS 


The  International  Telecommunication  Union  (ITU)  is  a  spe¬ 
cialized  agency  of  the  United  Nations  1 1  - 1 5  J.  At  present,  about 
166  nations  are  ITU  members,  including  all  the  major  world  pow¬ 
ers  and  all  countries  which  use  satellite  communications.  The  ob¬ 
jective  of  the  ITU  is  to  promote  international  cooperation  in  the 
efficient  use  of  telecommunications.  Activities  toward  this  end. 
related  to  frequency  allocations  and  their  use.  are  the  following: 

•  Prepare  regulations. 

•  Allocate  the  radio  frequency  spectrum. 

•  Register  radio  frequency  assignments  and  geostationary  sat¬ 
ellite  longitudes. 

•  Coordinate  efforts  to  eliminate  harmful  interference. 

•  Adopt  resolutions  and  formulate  recommendations  concern¬ 
ing  telecommunications  matters. 

The  governing  document  of  the  ITU  is  the  International  Tele¬ 
communication  Convention.  The  highest  decision-making  body 
is  the  Plenipotentiary  Conferences.  The  work  of  the  ITU  is  done 
in  both  periodic  international  conferences  and  by  permanent 
agencies  with  staffs  at  Geneva. 

The  ITU  Radio  Regulations  include,  among  other  things,  the 
Table  of  Frequency  Allocations,  procedures  for  notification,  reg¬ 
istration,  and  coordination  of  new  or  modified  uses  of  the  fre¬ 
quency  spectrum,  and  provisions  to  limit  interference  between 
users  of  the  frequency  allocations.  The  Regulations,  when  rati¬ 
fied  by  the  member  nations,  have  the  legal  force  of  a  treaty. 

Revision  of  the  Radio  Regulations  is  carried  out  in  general  and 
special  World  Administrative  Radio  Conferences  (WARCs)  and 
in  Regional  Administrative  Radio  Conferences  (RARCs).  A  gen¬ 
eral  WARC  was  held  in  1979  and  was  authorized  to  consider  a 
complete  revision  of  the  Radio  Regulations.  The  previous  gener¬ 
al  WARC  was  in  1959.  and  the  next  is  expected  about  1999.  Spe¬ 
cialized  WARCs  and  RARCs  occur  more  often.  Each  is  chartered 
to  address  revisions  of  the  Radio  Regulations  concerning  a  spe¬ 
cific  topic.  Conferences  that  considered  satellite  matters  have  in¬ 
cluded  the  WARC  for  Space  Telecommunications  (1971).  the 
WARC  for  Satellite  Broadcasting  ( 1977).  the  RARC  for  Satellite 
Broadcasting  in  Region  2  ( 1983).  and  the  WARC  for  Mobile  Ser¬ 
vices  ( 1987).  The  most  important  satellite  conference  since  1979 
was  the  two-part  WARC  on  the  Geostationary  Orbit  (WARC- 
ORB-85.  88).  WARC-92  will  cover  a  variety  of  frequency  alloca¬ 
tion  issues,  some  of  which  are  for  space. 

The  International  Frequency  Registration  Board  (IFRB)  is  one 
of  the  permanent  ITU  agencies.  It  is  responsible  for  maintaining 
the  international  list  of  frequency  assignments  for  both  earth  and 
space  stations.  This  responsibility  includes  the  process  of  notifi¬ 
cation.  coordination,  and  registration  of  new  and  modified  fre¬ 
quency  assignments,  including  those  for  space  systems.  The 
process  is  basically  as  follows: 

•  Several  years  before  a  new  system  comes  into  use.  the  na¬ 
tional  administration  notifies  the  IFRB  of  its  technical  char¬ 
acteristics. 

•  These  characteristics  are  published  in  the  weekly  IFRB  cir¬ 
cular. 

•  Any  administration  concerned  about  potential  harmful  inter¬ 
ference  from  the  proposed  system  may  make  comments  to. 
and  request  coordination  with,  the  notifying  administration. 


•  The  coordination  may  result  in  modifications  to  the  pro¬ 
posed  system,  and  if  necessary  thereafter,  modifications  to 
existing  systems. 

•  The  IFRB  reviews  the  proposed  system  in  light  of  the  Radio 
Regulations,  current  spectrum  usage,  and  the  results  of  Steps 
3  and  4. 

•  If  all  of  the  preceding  are  satisfactory,  the  IFRB  registers  the 
system  by  publication  in  the  Master  International  Frequency 
Register,  which  is  intended  to  guarantee  that  it  w  ill  not  be 
subject  to  harmful  interference  from  systems  which  have  yet 
to  be  registered. 

The  foregoing  process  is  characterized  by  first  come,  first 
served.  Since  the  late  1970s.  the  developing  countries  have  ex¬ 
pressed  a  strong  concern  that  the  industrialized  countries  '  satel¬ 
lites  will  use  up  the  desirable  synchronous  orbital  locations  and 
frequencies.  This  would  force  the  developing  countries,  whose 
use  of  the  orbit  and  spectrum  lags  that  of  the  industrialized  coun¬ 
tries.  to  use  less  desirable  locations  and/or  frequencies,  and  at 
greater  cost.  Therefore,  they  advocate  a  guaranteed  access  pro¬ 
cess  to  replace  the  current  process.  The  developing  countries  pre¬ 
fer  an  explicit  allocation  of  orbit  locations  and  frequencies  to 
each  country,  whereas  the  industrialized  countries  prefer  a  more 
flexible  approach.  Equitable  and  guaranteed  access  to  the  syn¬ 
chronous  orbit,  and  the  method  to  achieve  it.  was  the  subject  of 
WARC-ORB-85.  88.  The  first  session  worked  out  principles  and 
methods  of  planning  and  narrowed  the  choices  of  services  and 
frequency  bands  to  which  they  would  apply.  The  second  session 
developed  a  global  allotment  plan  for  the  fixed-satellite  service  in 
frequency  bands  little  used  yet  and  improved  the  coordination 
procedures  for  the  bands  in  common  use.  The  plan  guarantees 
each  nation  at  least  one  orbit  slot  w  ithin  a  predefined  arc.  and  8(H) 
MHz.  of  bandwidth. 

The  CCIR  (from  the  French  for  International  Radio  Consulta¬ 
tive  Committee)  is  another  permanent  ITU  agency.  It  studies 
technical  and  operational  questions  in  the  field  of  radio  communi¬ 
cations.  The  CCIR  is  organized  into  more  than  a  dozen  special¬ 
ized  study  groups.  Those  most  relevant  to  the  satellite 
communications  are 

•  Group  1 — Spectrum  Utilization  and  Monitoring. 

•  Group  4 — Fixed  Service  Using  Communication  Satellites. 

•  Group  9 — Coordination  and  Frequency  Sharing  Between 
Systems  in  the  Fixed-Satellite  Service  and  Terrestrial  Radio- 
Relay  Systems. 

In  addition,  the  Mobile  and  Broadcasting  Services  groups  study 
matters  related  to  satellites.  Each  study  group  or  working  parties 
and  task  groups,  which  have  representatives  from  any  nation  in¬ 
terested  in  its  work,  meet  once  or  more  a  year.  Much  of  the 
group's  work  depends  on  inputs  from  national  study  groups.  The 
United  States  has  active  national  study  groups  corresponding  to 
each  of  the  CCIR  groups.  Every  four  years,  the  entire  CCIR  has 
a  Plenary  Assembly.  The  assembly  considers  new  recommenda¬ 
tions.  modifies  existing  recommendations,  prepares  resolutions, 
and  considers  the  study  program  for  each  group  for  the  next  four 
years.  Recommendations,  reports,  and  resolutions  are  published 
after  every  Plenary  Assembly.  Although  the  CCIR  outputs  are  not 
binding,  they  are  often  adopted  by  international  or  national 


agencies  as  technical  standards.  In  addition,  the  CC1R  has  prepa¬ 
ratory  meetings  six  months  to  one  year  before  WARCs. 

The  Radio  Regulations  define  thirty-eight  radio  services  and 
specify  which  services  are  allowed  to  use  each  portion  of  the 
spectrum  between  9  kHz  and  275  GHz.  The  accompanying  ta¬ 
bles  show  the  allocations  applicable  to  the  satellites  described  in 
this  report,  for  frequencies  up  to  100  GHz.  Table  I  shows  the  first 
allocations,  which  were  made  in  1963.  It  is  provided  for  compar¬ 
ison  with  the  current  allocations  given  in  Table  2.  Nations  may 
modify  the  allocations  table  for  use  within  their  own  boundaries. 
In  the  United  States,  this  has  occurred;  a  typical  modification  is 
the  split  of  an  allocation  into  government  and  nongovernment 
sub-bands.  Furthermore,  each  nation  authorizes,  uses,  and  as¬ 
signs  frequencies  within  its  own  jurisdiction.  In  the  United 
States,  the  Interdepartment  Radio  Advisory  Committee  controls 
federal  government  use  of  the  spectrum,  and  the  Federal  Commu¬ 
nications  Commission  controls  other  uses. 

The  allocations  in  Table  2  are  separated  by  the  service  to 
which  they  apply.  (Fixed-satellite  service  and  mobile-satellite 
service  refer  to  whether  the  terminals,  not  the  satellites,  are  fixed 
or  mobile.)  Some  links  qualify  to  use  allocations  for  two  types  of 
systems.  For  example,  in  a  system  that  serves  mobile  terminals, 
the  link  between  a  satellite  and  a  fixed  terminal  (e.g.,  a  shore  sta¬ 
tion  in  a  maritime  satellite  system)  may  use  either  the  fixed  termi¬ 
nal  or  mobile  terminal  system  allocations.  When  an  allocation  is 
not  specified  for  uplinks  or  downlinks,  it  can  be  used  for  either  or 
both.  The  third  column  (Region)  indicates  the  availability  of  the 
allocation  by  the  three  ITU  regions.  A  blank  in  this  column  indi¬ 
cates  worldwide  availability.  The  fourth  column  (Status)  indi- 


Tahle  I .  Initial  Frequency  Allocations  Made  in  1 963 


DOWNLINK,  MHz 

UPLINK,  MHz 

3400-3700 

4400-4700 

5725-5925 

3700-4200 

5925-6425 

7250-7300 

7975-8025 

7300-7750 

7900-7975 

8025-8400 

! _ 

cates  whether  the  allocation  is  primary,  secondary,  or  by  means  of 
a  footnote.  This  status  determines  the  priority  of  the  various  allo¬ 
cations  in  interference  questions.  The  fifth  column  (Power  Limit) 
indicates  allocations  where  the  power  density  of  a  downlink  is 
limited.  The  actual  limitations  are  given  in  Table  3.  The  sixth 
column  (Notes)  references  the  notes  given  at  the  end  of  Table  2. 
which  give  more  information  about  specific  allocations.  Howev  ¬ 
er.  this  table  and  its  notes  do  nol  contain  all  of  the  details  that  are 
in  the  ITU  frequency  allocation  table. 

%  sfc  ^ 
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by  the  Extraordinary  Administrative  Radio  Conference  to  Al¬ 
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2.  ITU  Convention  t  Malaya -Tnremolinos.  197.1).  International 
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Table  2.  Current  Frequency  Allocations 


DOWNLINK3 


UPLINK3  I  REGION6  I  STATUS0 


REGION6  STATUS0 


Fixed-Satellite  Service  (FSS) 

2500-2535  MHz 
2500-2655 

2655-26 90 

2655-2690 

3400-4200 

4500-4800 

5000-5250 

5725-5850 

5850-7075 


7250-7750 


7900-8400 
10.7-11.7  GH2 


10.7- 11.7 

11.7- 12.3 

12.2- 12.5 

12.2- 12.7 

12.5-12.75 
12.5-12.75  I 


12.7-12.75 

12.75-13.25 

14.0-14.5 

14.5-14.8 

15.4-15.7 

I  17.3-18.1 


17.7- 19.7 

19.7- 21.2 


31.8-33  8 


’.5-40.5 


81.0-84.0 


27.0-27.5 

27.5- 31.0 

37  0-39.0 

42.5- 43.5 
47.2-50.2 
50.4-51.4 
71 .0-75.5 

92.0-95.0 


Mobile-Satellite  Service  (MSS)n 

235-322MHZ 

335.4-399.9 

I  406,0-406.1 
j  608-614 
806-890 
942-960 
1530-1544 

1544- 1545 

1545- 1559 

1610-1626.5 

1626  5-1645,5 
1645  5-1646.5 
1646.5-1660  5 


2500-2535 


|  2655-2690 

5000-5250 


F 

F 

P 

2 

S 

q,2.3 

F 

q.3 

F 

P 

P 

P 

F 

P 

P 

P 

3 

F  Yes 

3 

F 

F 

7250-7375 

7900-8025 
14.0-14.5  GHz 

15.4- 15.7 

19.7- 20.2 
20.2-21.2 

29.5-30.0 

30.0-31.0 

39.5- 40.5 

43.5- 47.0 

|  50.4-51.4 

66.0-71.0 

71.0-74.0 

81.0-84.0 

95.0-100.0 

Broadcasting-Satellite  Service  (BSS)* 

620-790  MHz 
2500-2690 

11.7- 12.5  1 

11.7- 12.2  2 

11.7-12.2  3 

12.1-12.7  2 

12.5- 12.75  3 

22.5- 23.0  2,3 

40.5- 42.5 
84.0-86.0 

Intersatellite  Service  (ISS) 

5000-5250  MHz 
15.4-15.7  GHz 
22.55-22.55 

25.25- 27.5 
32.0-33.0 

54.25- 58.2 
59-64 

Amateur-Satellite  Service 

7.0-7. 1  MHz 
14.0-14.25 
18.068-18.168 
21.0-21.45 
24.89-24.99 
28.0-29.7 
144-146 
435-438 

j  1260-1270 
2400-2450 

3400-3410  2.3 

5650-5670 

5830-5850 

10.45-10.5  GHz 
24.0-24.05 
47.0-47.2 

75.5- 76.0 
76.0-81.0 


Table  2  (continued).  Current  Frequency  Allocations 


DOWNLINK® 

UPLINK® 

REGION** 

STATUS® 

POWER 

LIMIT** 

NOTES 

Radiodetermination-Satellite  Service  (RDSS)W 

1610-1626.5  MHz 

2 

P 

X 

1610-1626.5 

1,3 

S 

*,y 

2483.5-2500 

2 

P 

Yes 

2483.5-2500 

1,3 

s 

Yes 

y 

2500-2516.5 

F 

Yes 

y 

5117-5183 

2 

P 

Yes 

5117-5183 

1,3 

s 

Yes 

y 

a  frequency  band  centered  in  these  two  columns  may  be  used  for  both 
uplinks  and  downlinks. 

b  A  blank  indicates  worldwide  applicability.  Numbers  indicate  applicability 
in  some  regions,  which  are  defined  in  the  figure. 
c  P=  primary,  S  =  secondary,  F  =  footnote.  Secondary  uses  must  not  in¬ 
terfere  with  primary  uses  nor  claim  protection  against  interference  from 
primary  uses  Footnotes  imply  particular  restrictions;  see  notes.  Also, 
secondary  or  footnote  status  usually  implies  a  power  limit. 
d  Power  limit:  if  yes,  see  Table  3. 
s  National  and  regional  systems  only. 

1  Only  when  used  in  conjunction  with  aeronautical  radio  navigation  and/or 
aeronautical  mobile  service. 

9  Only  for  broadcast  satellite  feeder  links. 


h  National  and  subregional  systems  only. 

'  BSS  is  the  primary  use.  FSS  must  not  cause  more  interference  nor 
require  more  protection  than  the  BSS. 

1  May  be  used  outside  Europe  for  broadcast  satellite  feeder  links. 
k  Broadcast  satellite  feeder  links  only  and  outside  Europe  only. 

1  Japan  only  and  only  until  31  December  1990. 
m  47.2  to  49.2  GHz  is  primarily  for  broadcast  satellite  feeder  links. 
n  Some  allocations  restrict  use  to  one  or  more  of  the  MSS  subsets:  mari- 
time-MSS,  aeronautical-MSS,  land-MSS. 

0  Must  not  cause  harmful  interference  to  primary  or  secondary  uses. 
p  Solely  for  low-power  beacons  for  emergency  position  location. 

9  Only  Nonway  and  Sweden  in  Region  1. 
r  Limited  to  operations  within  national  boundaries. 
s  Solely  for  distress  and  safety  uses. 

1  Uplinks  are  normally  in  FSS  allocations. 

u  FSS  is  the  primary  use.  BSS  limited  to  53-dBW  ERP.  BSS  must  not 
cause  more  interference  nor  require  more  protection  than  the  FSS. 
v  Limited  to  Earth  Exploration-Satellite  Service. 

w  Systems  for  position  determination  of  mobile  subscribers  and  for  limited 
two-way  message  service;  links  between  satellites  and  mobiles  are 
below  3  GHz;  links  between  satellites  and  base  stations  are  above  3 
GHz  in  RDSS  or  FSS  allocations. 

*  Constraints  exist  on  use  of  lem  6-1613.8  MHz,  to  nrotect  radio  astron¬ 
omy. 

*  Primary  status  in  some  countries. 


Table  3.  Maximum  Power  Density  on  the  Earth's  Surface,  dBW/nr 


ELEVATION 

BANDWIDTH 

MLLUUA  I IUM 

0®-20® 

0®-5® 

5®s9s25® 

25®-90® 

620-790  MHz 

-129 

2483.5-2690 

-152 

-152  +  -|(0  -  5) 

-137 

4  kHz 

3400-4200 ' 

4500-4800 

7250-7750  . 

-152 

-152  +  e25 

-142 

4  kHz 

5117-5183 

-159 

-159 

-159 

4  kHz 

10.7-11.7  GHz 

-150 

-150  +  V 

-140 

4  kHz 

12.2-12.5  (region  3)  j 

12.5-12.75  (regions  1  and  3)  i 

-148 

-148  + 

-138 

4  kHz 

17.7-19.7] 

37.5-40.5j 

-115 

-115  +  V 

-105 

1  MHz 

Note;  Density  measured  with  the  specified  bandwidth.  Power  density  limits  may  be  exceeded  on  the  territory  of  any  country  with  its  approval. 


10.  W.  H.  Bellchambers.  et  al.,  "The  International  Telecommuni¬ 
cations  Union  and  Development  of  Worldwide  Telecommuni¬ 
cations,"  IEEE  Communication  Magazine.  Vol.  22.  No.  5 
(May  1984). 

11.  D,  J.  Withers.  "The  Role  of  CCIR  Interim  Working  Party  4/1 
in  Satellite  Communications,"  Paper  43. 1 ,  International  Con¬ 
ference  on  Communications:  ICC  'H4  (May  1984). 

12.  R.  E.  Butler.  "The  Role  of  the  ITU  in  the  Use  of  the  Geosta¬ 
tionary  Orbit,"  Acta  Astronautica.  Vol.  17,  No.  6  (June  1988). 


13.  G.  A.  Codding,  Jr..  "The  1989  ITU  Plenipotentiary  and  the 
IFRB."  Telecommunications  Policy.  Vol.  12.  No.  3  (Septem¬ 
ber  1988). 

14.  S.  E.  Doyle.  "Space  Law  and  the  Geostationary  Orbit:  The 
ITU's  WARC-ORB-85-88  Concluded."  Journal  of  Space 
Law,  Vol.  17.  No.  I  ( 1989). 

15.  L.  W.  Barclay.  "The  Working  of  the  CCIR."  Electronics  and 
Communication  Engineering  Journal.  Vol.  2.  No.  6  (Decem¬ 
ber  1990). 


APPENDIX  B 

TELEMETRY,  TRACKING,  AND  COMMAND  SUBSYSTEMS 


All  satellites  have  some  form  of  telemetry,  tracking,  and  com¬ 
mand  (TT&C)  subsystem  to  provide  control  and  monitoring  of 
satellite  status  and  to  obtain  data  from  which  the  satellite  position 
can  be  computed.  The  major  types  of  1T&C  subsystems  now  in 
use  by  communication  satellites  are  described  here. 

Intelsat/Domsat 

This  subsystem  is  used  by  Intelsat  and  by  the  United  States  do¬ 
mestic  satellites  and  those  domestic  satellites  built  in  the  United 
States  for  other  countries.  This  system  is  described  as  in-band, 
because  the  TT&C  frequencies  are  within  the  frequency  bands  al¬ 
located  for  communications.  Intelsat  TT&C  frequencies  are  near 
the  center  of  the  band  (6 1 68  to  6 1 82  MHz  for  command  and  3945 
to  3955  MHz  for  telemetry).  The  Domsats  use  either  the  top  or 
bottom  5  MHz  of  the  communications  band,  i.e.,  5925  to  5930 
MHz  or  6420  to  6425  MHz  for  command  and  3700  to  3705  MHz 
or  4195  to  4200  MHz  for  telemetry.  Domsats  that  use  the  11-  to 
12-  and  14-GHz  bands  follow  the  same  pattern  and  typically  as¬ 
sign  TT&C  frequencies  near  the  upper  or  lower  band  edge.  As  a 
result  of  this  frequency  selection,  most  radio  frequency  TT&C 
functions  are  handled  by  communication  subsystem  components. 
During  normal  operations,  TT&C  signals  are  routed  through 
communication  subsystem  antennas.  Broad  coverage  omnidirec¬ 
tional  antennas  are  used  from  launch  vehicle  separation  through 
deployment  and  in  the  event  of  loss  of  signals  through  the  com¬ 
munications  antennas. 

The  basic  command  structure  uses  three  tones  for  transmission 
of  information,  namely,  one.  zero,  and  execute  tones.  The  infor¬ 
mation  FSK  modulates  the  tones.  Some  systems  add  one  to  four 
additional  command  tones,  usually  for  analog  commands  or  pilot 
tones  for  spin  rate  or  antenna  pointing  control  on  dual-spin  satel¬ 
lites.  The  tone  set  frequency  modulates  the  command  carrier. 
The  size  of  the  command  sets  varies  up  to  about  800  commands. 

The  telemetry  portion  of  the  subsystem  has  two  separate  sets 
of  equipment  transmitting  on  separate  frequencies.  Each  set  of 
equipment  can  be  commanded  to  handle  either  digital  or  analog 
telemetry.  Analog  telemetry  frequency  modulates  a  subcarrier. 
Two  digital  formats  are  used,  either  PCM/PSK  or  PAM/FM  mod¬ 
ulation  of  a  subcarrier.  In  all  cases,  the  subcarrier  phase  modu¬ 
lates  the  carrier. 

Tracking  is  accomplished  by  sequentially  modulating  an  up¬ 
link  carrier  with  four  tones  that  the  satellite  retransmits  on  a 
downlink.  The  tones  vary  in  frequency  from  35  Hz  to  27.8  kHz. 
The  range  to  the  satellite  is  determined  by  measuring  the  tone 
phase  shift  during  the  round  trip  transmission.  Successively  high¬ 
er  tone  frequencies  provide  increased  accuracy,  with  the  lower 
tones  used  to  resolve  ambiguities  that  occur  with  the  higher  tones. 
The  ranging  signal  can  he  transmitted  using  the  command  and  te¬ 
lemetry  carriers  but  is  typically  transmitted  through  one  of  the 
communication  transponders  during  on-orbit  operations. 

The  SBS  and  Anik  C  satellites  use  the  same  TT&C  subsystem. 
However,  their  communication  subsystems  operate  in  the  1 2-  and 
14-GHz  bands  rather  than  in  the  4-  and  6-GHz  bands.  They  use 
4-  and  6-GHz  transmissions  through  omnidirectional  antennas 
prior  to  orbital  deployment  and  12-  and  14-GHz  transmissions 
through  the  communication  subsystem  thereafter. 


Space-Ground  Link  Subsystem 

The  space-ground  link  subsystem  (SGLS)  is  used  for  TT&C 
for  all  operational  military  communication  satellites  of  the  United 
States,  Britain,  and  NATO.  These  satellites  use  frequencies  be¬ 
tween  7250  and  8400  MHz  for  communications.  The  SGLS  is  en¬ 
tirely  separate,  using  1760  to  1840  MHz  for  commands  and  2200 
to  2300  MHz  for  telemetry.  Each  satellite  is  assigned  to  one  of 
twenty  channels  within  these  bands.  In  addition,  most  of  the  sat¬ 
ellites  also  transmit  telemetry  on  beacons  in  the  7250-  to  7750- 
MHz  communication  band. 

The  SGLS  command  structure  uses  three  tones:  one.  zero,  and 
S.  The  S  tone  is  transmitted  during  commanding  whenever  either 
of  the  other  tones  is  not  used.  Only  one  tone  is  used  at  a  time  in 
an  FSK  format.  The  tones  are  amplitude-modulated  with  a  syn¬ 
chronization  signal  and  phase  modulate  the  command  carrier,  a 
format  designated  FSK/AM/PM.  The  command  signal  trans¬ 
mission  rate  is  usually  1000  baud,  and  the  command  sets  vary  in 
size  from  about  100  to  700  commands.  All  the  satellites  have 
provision  for  cryptographic  security  on  the  command  link. 

The  DSCS  III  satellite  has  an  additional  in-band  command  ca¬ 
pability.  The  uplink  at  approximately  8  GHz.  is  received  by  the 
satellite  and  down-converted  to  the  SGLS  frequency  and  handled 
by  the  SGLS  equipment. 

SGLS  telemetry  is  almost  always  digital,  although  an  analog 
capability  is  possible.  The  typical  modulation  format  is  PCM/ 
PSK  on  a  subcarrier  that  phase  modulates  the  carrier.  Telemetry 
rates  are  250  or  1000  bps,  with  from  200  to  almost  1000  points 
monitored. 

Unlike  other  TT&C  subsystems  discussed  here.  SGLS  uses  a 
pseudorandom  binary  sequence  to  determine  range.  The  se¬ 
quence  phase  modulates  the  command  carrier  and  is  remodulated 
on  the  telemetry  carrier  by  the  satellite.  The  phase  shift  over  the 
round  trip  path  is  used  to  compute  range.  The  sequence  bit  rate  is 
1  Mbps. 

LES-8  and  -9 

The  experimental  satellites  LES-8  and  -9  were  developed  and 
are  operated  by  the  MIT  Lincoln  Laboratory  for  DoD.  These  sat¬ 
ellites  use  a  TT&C  subsystem  des  gned  by  Lincoln  Laboratory. 

The  normal  command  link  to  a  satellite  is  an  FSK-modulated 
UHF  carrier.  Alternate  command  paths  are  via  a  K-band  commu¬ 
nication  link,  either  from  the  ground  terminal  or  on  the  crosslink 
from  the  other  satellite.  The  commands  are  transmitted  at  about 
one  per  second,  and  there  are  about  220  commands. 

The  primary  telemetry  link  is  at  S-band  -  2.24  GHz  for  one  sat¬ 
ellite  and  2.25  for  the  other.  The  bit  rate  may  be  either  100  bps  or 
10  kbps.  Alternate  paths  are  a  UHF  downlink  or  (at  100  bps  only) 
a  K-band  downlink  or  crosslink.  About  800  telemetry  points  are 
monitored. 

NASA 

The  NASA  Spaceflight  Tracking  and  Data  Network  (STDN) 
provides  TT&C  services  in  several  frequency  bands.  All  the  ATS 
and  CTS  satellites  as  well  as  the  Japanese  ECS  and  ETS-1I  satel¬ 
lites  used  the  VHF  capability.  Some  European  satellites  had 
STDN-compatible  VHF  TT&C  for  launch  and  orbital  insertion 
and  for  backup  during  operations. 


Command  frequencies  were  in  the  147-  to  155-MH/  hand. 
Botli  PSK  and  FSK  subearrier  formats  were  used,  with  phase 
modulation  of  the  carrier.  ATS  ft  had  a  command  set  of  5 1 2  com¬ 
mands  and  a  transmission  rate  of  I2S  or  1200  hps.  The  CTS  had 
a  total  of  225  commands  and  a  1000-bps  transmission  rate.  The 
Japanese  PCS  had  a  total  of  i  <58  commands  and  a  transmission 
rate  of  1 28  bps.  ATS  ft  had  an  alternative  command  path  through 
a  communications  uplink  at  about  ft  (!H/. 

Telemetry  frequencies  were  assigned  in  the  13ft-  to  I38-.Y1H/ 
band.  Typical  modulation  formats  were  PCM/PM  or  PCM/FM/ 
PM.  ATS  ft  had  two  telemetry  carriers  at  rates  of  about  400  bps. 
About  1050  telemetry  points  were  monitored.  CTS  had  a  single 
carrier  at  153ft  bps  w  ith  a  total  of  27ft  telemetry  points.  JECS  had 
about  70  points  and  a  telemetry  rate  of  250  bps. 

The  tracking  scheme  used  multiple  tones  in  the  same  manner 
as  the  Intelsat  system  just  described  above.  The  highest  tone  Ire-, 
queues  was  20  kH/.  The  tones  usually  were  transmitted  at  the 
command  and  telemetry  frequencies.  JTCS.  however,  did  its 
ranging  through  a  4-  and  ft-GH/  satellite  transponder. 

The  Japanese  CS  satellite  has  a  TT&C  subsy  -.tern  w  ith  two 
transmission  bands.  One  is  an  in-band  arrangement  very  similar 
to  that  of  Intelsat.  The  other  is  compatible  w  ith  STDN  s  S-hand 
equipment  and  uses  2.1 1  GH/  for  commanding  and  2.2Xft5  GH/ 
for  telemetry.  In  both  cases,  the  command  format  is  PCM/FSK/ 


PM  w  ith  a  rate  of  128  bps.  The  telemetry  format  is  PCM/PSK/ 
PM  at  a  rate  of  250  bps. 

NASA  TT&C  services  through  TDRSS  use  a  new  format,  be¬ 
cause  the  existing  subcarrier  modulation  methods  are  inefficient 
for  transmission  through  a  relay  satellite.  In  most  cases,  separate 
pseudonoise  codes  modulate  the  inphase  and  quadrature  compo¬ 
nents  of  the  carrier  in  a  QPSK  formal.  The  code  rate  is  about  3. 1 
Mcps.  Commands  are  modulo  two  added  to  the  code  which  is 
used  for  the  inphase  modulation.  Transmitter  power  is  split  4:1 
(inphase:qundrature).  so  the  modulation  is  called  unbalanced 
QPSK.  The  codes  are  used  both  for  ranging  and  to  reduce  the 
power  spectral  density  of  the  signal.  The  same  arrangement  is 
used  for  low  rate  telemetry.  Above  300  kbps,  the  information  di¬ 
rectly  modulates  the  carrier  w  ithout  use  of  a  pseudonoise  code. 

Europe 

The  European  satellites  use  in-band  TT&C.  often  w  ith  a  VHF 
back-up.  In  some  cases.  VHF  is  used  until  orbital  insertion. 
Their  communication  bands  are  4  and  ft  GH/  in  some  cases.  1 1 
and  14  GH/  in  others.  Formats  are  similar  or  identical  to  the  In¬ 
telsat  and  NASA  formats  already  described.  The  data  rates  and 
number,  of  commands  and  telemetry  points  are  all  within  the 
range  of  100  to  1000.  the  same  as  most  of  the  satellites  previously 
described. 


APPENDIX  C 

SATELLITE  BEACONS  FOR  PROPAGATION  RESEARCH 


The  atmosphere  can  affect  electromagnetic  waves  in  several 
ways.  Parameters  that  can  be  affected  include  amplitude,  phase, 
polarization,  and  direction  of  propagation.  The  magnitude  of 
each  of  these  effects  is  dependent  on  several  factors: 

•  Frequency,  polarization,  and  elevation  angle  of  the  wave 

•  Ground  terminal  location  and  altitude 

•  Time  of  day  and  year 

•  The  condition  of  the  atmosphere 

These  disturbances  need  to  be  considered  in  the  design  of 
communication  satellite  systems.  Therefore,  they  hav  e  been,  and 
continue  to  be.  studied  in  order  to  quantify  them  for  use  in  com¬ 
munication  link  analyses.  These  disturbances  are  also  studied  to 
gain  know  ledge  about  the  composition  and  behavior  of  the  atmo¬ 
sphere.  In  most  cases,  the  quantification  is  statistical  rather  than 
definitive;  results  are  often  specified  by  plotting  link  degradation 
versus  the  probability  of  exceeding  the  degradation. 

In  general,  measurements  of  atmospheric  effects  that  are  made 
using  horizontal  paths  cannot  be  accurately  related  to  inclined 
earth-space  paths.  Therefore,  an  electromagnetic  wave  propagat¬ 
ing  obliquely  through  the  atmosphere  is  necessary.  The  sun  can 
be  used  for  a  source  hut  only  for  a  limited  set  of  measurements, 
because  it  is  not  a  coherent  emitter.  Some  amplitude  statistics  can 
he  inferred  from  measuring  the  sky  noise  temperature  w  ithout  us¬ 
ing  any  signal  source.  However,  the  most  satisfactory  and  often 
the  only  way  to  measure  atmospheric  effects  is  to  use  a  satellite- 
based  signal  source.  This  source  may  he  a  beacon  generated  on 
the  satellite  or  a  retransmission  of  a  signal  received  from  a  ground 
terminal.  Occasionally,  ground-based  signal  sources  and  satellite 
receivers  are  used,  with  the  received  signal  parameters  teleme¬ 
tered  to  the  ground. 

Satellite  beacons  and  transponders  used  in  propagation  re¬ 
search  for  communications  engineering  purposes  are  discussed 
here.  This  research  is  concentrated  in  three  frequency  bands. 

BELOW  30  MHz 

Early  in  the  space  age.  there  was  interest  in  low-frequency 
earth-space  links.  This  interest  was  the  result  of  terrestrial  use  of 
frequencies  below  30  MHz  for  long-distance  communications. 
Waves  at  these  frequencies  can  propagate  far  beyond  the  horizon 
under  some  conditions.  This  feature  is  useful  for  long-distance 
communication  w  ith  satellites  at  low  altitudes.  However,  as  the 
space  age  progressed,  the  performance  and  reliability  of  satellite- 
borne  microwave  hardware  improved  greatly,  and  the  use  of  the 
synchronous  equatorial  orbit  was  perfected.  These  two  develop¬ 
ments  eventually  overshadowed  interest  in  the  lower  frequencies 
for  almost  all  communications  applications. 

The  majority  of  experiments  in  this  frequency  range  were  ori¬ 
ented  toward  atmospheric  and  ionospheric  phvsics.  These  in¬ 
clude  ORBIS  ( 1964).  OV4-I  t  1966).  OVI-I7A  ( 1969).  and  an 
experiment  on  (he  Space  Test  Program  (STP)  satellite  S74-2 
(1976).  The  UoSAT  I.  an  amateur  satellite  launched  in  19X1.  had 
beacons  at  7.  14.  21.  and  28  MHz. 

VHF  AND  UHF 

Most  experiments  in  the  lower  part  of  the  VHF  band,  approxi¬ 
mately  30  to  100  MHz.  are  scientific  studies.  Oscar  5.  launched 
in  1970.  had  beacons  at  29.45  and  144  MHz  for  communications 
measurements.  The  band  between  225  and  400  MHz  is  important 


for  military  communication  satellites,  yet  it  is  characterized  bv 
significant  amplitude  and  phase  fluctuations.  Therefore,  several 
communications-related  experiments  have  been  conducted  in  this 
band.  These  experiments  have  made  use  of  the  communications 
transponders  of  several  satellites  including  those  of  the  ATS  se¬ 
ries  and  LES-5  and  -6.  Other  measurements  were  made  using  the 
254-MHz  beacon  on  Tacsat  and  the  40-.  I40-.  and  360-MHz  bea¬ 
cons  on  the  ATS  6.  LES-3  was  a  beacon  satellite  launched  in 
1965  specifically  as  a  signal  source  for  propagation  measure¬ 
ments  at  approximately  240  MHz.  The  Defense  Nuclear  Agency 
had  an  experiment  on  STP  satellite  P76-5  launched  in  1976.  This 
experiment  transmitted  signals  at  138  MHz.  1.24  and  2.89  GHz. 
and  at  seven  frequencies  in  the  378-  to  448-MHz  band.  This  ex¬ 
periment  was  continued  with  a  beacon  on  STP  Satellite  P83-1. 
which  transmitted  five  of  the  same  frequencies,  and  a  similar  bea¬ 
con  on  Satellite  P87-1. 

ABOVE  10  GHz 

Atmospheric  effects  in  the  4-  to  8-GHz  bands  are  relatively 
mild.  Measurements  in  this  frequency  range  have  been  accom¬ 
plished  using  the  regular  equipment  on  communication  satellites. 
The  need  for  more  bandw  idth  is  causing  sy  stems  to  be  designed 
using  allocated  bands  above  10  GHz.  Above  this  frequency,  both 
atmospheric  gases  and  rain  can  have  significant  effects  on  com¬ 
munication  links.  Many  experiments  are  being  conducted,  partic¬ 
ularly  to  quantify  the  attenuation  and  polarization  effects  of  rain 
in  the  10-  to  30-GHz  range  of  frequencies. 

ATS  5  w  as  the  first  satellite  to  have  equipment  for  propagation 
measurements  above  10  GHz.  It  was  launched  in  1969  and  had 
an  experiment  with  a  31.65-GHz  uplink  and  a  15.3-GHz  down¬ 
link.  ATS  6  followed  w  ith  a  13-  and  1 8-GHz  uplink  experiment 
and  a  20-  and  30-GHz  downlink  experiment.  The  uplink  experi¬ 
ment  included  terminals  sited  to  study  diversity  as  a  means  to 
overcome  rain  loss.  The  downlink  experiment  had  three  modes: 
an  unmodulated  carrier,  a  1  4-GHz  wide  line  spectrum,  or  retrans¬ 
mission  of  a  modulated  6-GHz  uplink.  These  experiments  were 
used  for  sev  eral  y  ears  in  the  United  States,  and  for  one  yeai  in  Eu¬ 
rope.  while  ATS  6  was  stationed  at  35  F  longitude.  The  AT&T 
Comstar  satellites  had  beacons  at  19.04  and  28.56  GHz.  The  28- 
GHz  signal  was  modulated  to  produce  sidetones  at  either  ±264.4 
or  ±528.9  MHz.  and  the  19-GHz  signal  was  switched  between  or¬ 
thogonal  linear  polarizations  at  a  I -kHz  rate.  UTS  - 1 1  w  as  a  Japa¬ 
nese  beacon  satellite  that  operated  for  more  than  one  year 
transmitting  at  1.7.  II  .5.  and  34.5  GHz. 

Several  experimental  communication  satellites  have  been  built 
to  operate  in  the  10-  to  30-GHz  range.  All  are  used  to  some  ex¬ 
tent  in  propagation  tests.  Sirio  was  used  for  propagation  mea¬ 
surements  with  both  uplink  and  downlink  signals  or  for 
communication  tests.  It  operated  at  1 1.6  and  1 7.4  GHz.  The  OTS 
operated  in  the  12-  and  14-GHz  bands.  Of  its  live  transponders, 
one  was  dedicated  to  propagation  studies.  Propagation  measure¬ 
ments  also  have  been  made  using  the  Canada/NASA  GTS  and  are 
included  in  the  experimental  programs  of  the  Japanese  BS.  CS. 
and  EX'S,  the  European  Olympus,  the  Italian  Italsat.  Auxsat  B. 
and  the  NASA  ACTS.  These  satellites  cover  the  allocated  fre¬ 
quency  bands  at  11-12.  14.  18-20.  and  28-30  GHz.  Italsat  also 
has  beacons  at  40  and  50  GHz  to  begin  experiments  in  those  fre¬ 
quency  bands. 
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GLOSSARY 

BLOCK  DIAGRAM  SYMBOLS 

The  communication  subsystem  block  diagrams  included  for  sion,  and  channel  switching  and  combining.  The  following  sym- 
most  of  the  satellites  herein  are  relatively  simple:  they  primarily  bols  are  common  to  all  the  block  diagrams;  specialized  symbols 
show  antennas  and  diplexers.  amplification,  frequency  conver-  are  defined  in  the  figure  in  which  they  occur. 


Amplifier  (type  not  specified)  [ 

LIM  j 

7250 

Parametric  amplifier 

1 

Transistor  amplifier 

50  kHz 

Tunnel  diode  amplifier 

A 

Traveling  wave  tube  amplifier 

T 

2/3  j 

Mixer 

Switch:  equivalent  to 
Switch:  equivalent  to 
Channel  combiner 


Limiter 

Frequency  in  MHz 

Channel  numbers 


Bandwidth 

Indicates  input  to  mixer  from  local  oscillator 

Switch  network  -  connects  the  two  inputs  to 
any  two  distinct  outputs 

Switch  network  -  connects  any  two  inputs  to 
distinct  outputs 

A  switch  matrix,  with  more  than  three  inputs  or 
outputs,  which  can  form  many  different  one-to-one 
interconnections  of  its  input  and  output  ports,  excess 
input  or  output  ports  are  terminated 


Four-port  hybrid 

Diplexer 

Triplexer 

Power  splitting  network 
Filter 


BFN 


Antenna  beam  forming  network 


Antenna  (any  type) 


Parabolic  reflector 


0 


Feed  horn  (or  array  of  horns) 
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GLOSSARY 

ABBREVIATIONS  AND  ACRONYMS 


ACTS 

Advanced  Communications  Technology  Satellite 
(NASA) 

ADCSP 

Advanced  Defense  Communication  Satellite 
Program 

AFSATCOM 

Air  Force  Satellite  Communications 

AM 

amplitude  modulation 

Amsat 

Radio  Amateur  Satellite  Corporation 

AM  SC 

American  Mobile  Satellite  Corporation  (United 
States) 

APPEE 

Ariane  Passenger  Payload  Experiment  (India) 

Arabsat 

Arab  Satellite  Communications  Organization 

ARPA 

Advanced  Research  Projects  Agency  (now 
DARPA) 

ASC 

American  Satellite  Corporation 

ASEAN 

Association  of  Southeast  Asian  Nations 

AT&T 

American  Telephone  and  Telegraph  Company 

ATS 

Applications  Technology  Satellite  (NASA) 

AYV 

Advanced  Westar 

BA  PI  A 

bearing  and  power  transfer  assembly 

BEAR 

Beacon  Experiment  and  Auroral  Research 

BIN 

beam  forming  network 

bps 

bits  per  second 

BS  (or  BSE) 

Medium-Scale  Broadcasting  Satellite  for  Experi¬ 
mental  Purpose  (Japan) 

BSB 

British  Satellite  Broadcasting.  Ltd. 

BSS 

Broadcasting-Satellite  Service 

CAS 

Cooperative  Applications  Satellite 

C-hand 

3  to  7  GHz  (in  satellite  communications) 

CCIR 

from  the  French  for  International  Radio  Consul¬ 
tative  Committee 

CDAS 

command  and  data  acquisition  station 

CDMA 

code  division  multiple  access 

Cl  DM 

companded  frequency  div  ision  multiplexing 

(HAS 

Consortium  Indnstricl  Franco- Allemand  pour  le 
Satellite  Symphonic  (France-Germany) 

CME 

a  joint  v  enture  of  Comsat  General.  MCE  and 
Lockheed  Aircraft,  called  CME  Satelli.  Corpo¬ 
ration 

(NFS 

Centre  National  d 'Etudes  Spatialex  (France) 

(NET 

Centre  National  d  Etudes  Telecommunications 
(France) 

(NR 

Conxiglio  Nazionale  della  Richerche  (Italian  Na¬ 
tional  Research  Council) 

Comsat 

Communications  Satellite  (Corporation) 

CONUS 

Continental  United  States 

COS  PAS 

Cosrnicheskaya  Sistyema  Poiska  Avarivnieh  Su- 
dov  (Russian  for  Space  System  for  the  Search  of 
Distressed  Vessels) 

CS  Japanese  communication  satellite 

CTS  Communications  Technology  Satellite  (known  as 

Hermes  in  Canada) 

CW  continuous  wave 

DATS  Despun  Antenna  Test  Satellite  (DoD) 

DARPA  Defense  Advanced  Research  Projects  Agency 

dB  decibel 

DBS  direct  broadcast  satellite  (or  system) 

dBW  decibel  watt 

DC.  dc  direct  current 

DCA  Defense  Communications  Agency 

DCP  data  collection  platform 

DFS  Deutsche  Fernmeldesatellit  (German  Telecom¬ 

munications  Satellite) 

DFVLR  Deutsche  Forschungs  und  Versuchsanstalt  fur 

Luft-und  Raumfahrt  (Germany  ) 

DNA  Defense  Nuclear  Agency 

DoD  Department  of  Defense 

domsat  domestic  communications  satellite 

DPSK  differential  phase  shift  keying 

DQPSK  differential  quadriphase  shift  keying 

DSC'S  Defense  Satellite  Communication  System 

DSI  digital  speech  interpolation 

EBC  European  Broadcasting  Union 

EC  earth  coverage 

ECS  European  Communication  Satellite 

EHF  extremely  high  frequency  (in  science.  30-300 

GHz:  in  satellite  communications,  approxintatelv 
20  -  50GH/) 

EIRP  effective  isotropic  radiated  power 

ERP  effective  radiated  power 

ESA  European  Space  Agency 

ESRO  European  Space  Research  Organization 

ETS  Engineering  Test  Satellite  (Japan) 

Eutelsat  European  Telecommunications  Satellite  Organi¬ 

zation 

r:CC  Federal  Communications  Commission 

FDN1  frequency  division  multiplexing 

(  DMA  frequency  division  multiple  access 

FEP  FETSATCOM  EHF  package 

FET  field  effect  transistor 

FETSATCOM  Fleet  Satellite  Communications  < DoD) 

FM  frequency  modulation 

FSK  frequency  shift  key  ing 

FSS  Fixed-Satellite  Service 

FTV  frontier  television  (terminal)  (Canada) 

GDA  gimbalcd  dish  antenna 


L-Sat 


gi: 

GKOS 

C'.GTS 

GHz 

(il.OMR 

GOCS 


GPS 

GSal 

G/T 

gte 

HC! 
HEMT 
HE 
HR 
H -Sal 

H/ 

IBS 

IDCSP 

!DR 

IDSCS 

IF 

II  RB 
INK) 
Inmarsat 
Intelsat 


ISRO 

ISS 

ITU 

ITV 

US 

JAS 

JCSat 

JECS 

K 

K-hand 

Ka-band 


Ka-ISL 

kbps 

kH/ 

KSA 

Ku-hand 

kWh 

'.AM 

I, -hand 

I.HS 

LHCP 


General  Electric 

Geodynatnics  F\perimental  Ocean  Satellite 
Gravity-Gradient  Test  Satellite 
gigahertz  ( I  GH/  =  1000  MH/) 

Global  l.ou  Orbiting  Message  Relax 
Geostationary  Operational  environmental  Satel¬ 
lite 

Global  Positioning  System 

GTE  Satellite  Corporation 

gain-to- noise-temperature  ratio 

General  Telephone  and  Electronics 

Hughes  Communications.  Inc. 

high  electron  mobility  transistor 

high  Trei|uency  tin  science.  3  to  30  MH/( 

Heavy  route  (terminal)  (Canada) 

Heavy  Communications  Satellite  (Europe)  (now 

Oly  mpus) 

hertz 

Intelsat  Business  Serv  ice 

Initial  Defense  Communication  Satellite  Program 

Intermediate  Data  Rale  (Intelsat) 

Initial  Defense  Satellite  Communication  Sy  stem 
intermediate  frequency 
International  Frequency  Registration  Board 
Intergov  ernmental  Maritime  Organization 
International  Maritime  Satellite  Organization 
International  Telecommunication  Satellite  Orga¬ 
nization 

Indian  Space  Research  Organization 
Intersatellite  Service 
International  Telecommunication  Union 
instructional  television  (ATS  A) 

Inertial  l  pper  Stage 

Japanese  amateur  satellite 

Japan  Communications  Satellite.  Inc. 

Japanese  Experimental  Communication  Satellite 
Kelvin 

It)  to  31  GHz  tin  satellite  communications) 

17  to  21  GHz  and  27  to  3 1  GHz  (in  satellite  com¬ 
munications) 

Ka-band  Intersatellite  Link 
kilobits  per  second 
kilohertz 

K-band  single  access  (TDRSS) 

10.7  to  14.5  GHz  (in  satellite  communications) 
kilowatt  hours 
liquid  apogee  motor 

1 .5  to  1 .7  GHz  (in  satellite  communications) 
Lincoln  Experimental  Satellite 
left-hand  circular  polarization 


LUT 

MA 

Macsat 


Marecs 

Marots 

MB 

Mb 

MBA 

Mbps 

MCI 

MC'S 

MESH 

MHz 

MIT 

MMD 

MMW 

MSS 

MTBF 

MTTF 

NASA 

NASDA 

NATO 

NB 

NiCd 

NiH: 

nmi 

NOAA 

NTC 

NTT 

NTV 

OFT 

ORBIS 

Oscar 

OTS 

OV 

PAM 

PBS 

PCM 

PEACES AT 


PKM 

PEACE 


PM 

PNC. 


Large  Telecommunications  Satellite  (Europe) 
(now  Olympus) 

local  user  terminal  (Sarsat-Cospas) 
multiple  access  (TDRSS) 

multiple  access  communications  satellite 
(DARPA) 

Maritime  European  Communication  Satellite 
Maritime  Orbital  Test  Satellite 
multibeam 
megabit 

multibeam  antenna 

megabits  per  second 

Microwave  Communications.  Inc. 

maritime  communication  subsystem  (Intelsat  Vi 

a  west  European  industrial  consortium 

megahertz 

Massachusetts  Institute  of  Technology 
mean  mission  duration 
millimeter  wave 
Mobile-Satellite  Serv  ice 
mean  time  before  failure 
mean  time  to  failure 

National  aeronautics  and  Space  Administration 
National  Space  Development  Agency  (Japan) 
North  Atlantic  Treaty  Organization 
narrow  band 

nickel  cadmium  (battery ) 
nickel  hydrogen  (battery ) 
nautical  mile 

National  Oceanic  and  Atmospheric  Administra¬ 
tion 

northern  telecommunication  (terminal)  (occa¬ 
sionally  named  medium  route)  (Canada) 

Nippon  Telegraph  and  Telephone  Corporation 

network  television  (terminal)  (Canada) 

orbital  llight  test 

Orbiting  Radio  Beacon  Satellite 

orbiting  satellite  carry  ing  amateur  radio 

Orbital  Test  Satellite  (Europe) 

orbiting  vehicle 

perigee  assist  motor,  pulse  amplitude  modulation 
Public  Broadcasting  Serv  ice 
pulse  code  modulation 

Pan  Pacific  education  and  communication  exper¬ 
iments  by  satellite 

perigee  kick  motor 

position  location  and  aircraft  communication  ex¬ 
periment  (ATS  6) 

phase  modulation 
Papua  New  Guinea 


PSk 

QPSk 

RARC 

RCA 

RCS 

RDSS 

RF 

RFI 

RHCP 

rpm 

RS 

RTG 

RTV 

SAMSO 


SAMT 

SARSAT 

S-bund 

SBS 

SBTS 

SCC 

SCCE 

SCF 

SCN 

SCORE 


SC’PC 

SCT 

SDRN 

SECS 

SES 

SC.ES 


SHF 


Sirio 


SITE 


SMS 

SMSk 

SPADE 

spec 


phase  shil  l  key  ilia 

quadriphase  shift  keying 

Regional  Administrative  Radio  Conference 

Radio  Corporation  of  America 

reaction  control  subsy  stem 

Radiodeterminalion-Satellite  Sen  ice 

radio  frequency 

radio  frequency  interference 

right-hand  circular  polarization 

revolutions  per  minute 

amateur  radio  satellites  (Soviet  Union) 

radioisotope  thermoelectric  generator 

remote  television  (terminal)  (Canada) 

Space  and  Missile  Systems  Organization  (United 
States  Air  Force)  (now  Space  Systems  Division) 

State-of-the-Art  Medium  Terminal  (DSCS) 
search  and  rescue  satellite-aided  tracking 
1.7  to  2.7  GHz  (in  satellite  communications) 
Satellite  Business  Systems 

Sistema  Brasileiro  de  Telecomunieacoes  por 
Satellite 

Space  Communications  Corporation  (Japan) 
Satellite  Configuration  Control  Elements 

Satellite  Control  Facility  (United  States  Air 
Force)  (now  SCN) 

Satellite  Control  Network  (United  States  Air 
Force) 

Signal  Communication  by  Orbiting  Relay  Equip¬ 
ment 

single  channel  per  carrier 
single  channel  transponder  (AFSATCOM) 
Satellite  Data  Relay  Network  (Soviet  Union) 
small  experimental  communication  satellite 
Societe  Europeenne  des  Satellites  (Luxembourg) 
Space-Ground  Link  Subsystem  (United  States 
Air  Force) 

super  high  frequency  ti,:  science.  3-30  GHz:  in 
satellite  communications,  typically  7-8.4  GHz) 
from  the  Italian  words  for  Italian  Industrial  Re¬ 
search  Satellite  Organization 

satellite  instructional  television  experiment  (ATS 
6) 

Synchronous  Meteorological  Satellite 

serial  minimum  shift  keying 

single  channel  per  carrier,  pulse  code  modulation. 

multiple  access,  demand-assigned  equipment 

Southern  Pac  i';  • '  ommunications  Corporation 


SSA 

SSMA 

SSPA 

SSS 

SS-TDMA 

STC 

STDN 

STEP 


STGT 

STP 

STW 


Syracuse 


Tacsat 

TCSJ 

TDA 

TDF 

TDMA 

TDRS(S) 

TETR 

TMI 

TR 

TRUST 

TT&C 

ITS 

TV 

TWT 

TWTA 

UFO 

UHF 


UoSAT 

VAS 

VHF 

VSAT 

WARC 

WB 

WSGT 

X-band 


S-band  single  access  (TDRSS) 

spread  spectrum  multiple  access 

solid-state  power  amplifier 

Strategic  Satellite  System  (DoDl 

sate  1 1  i  te-s  w  itched  TDMA 

Satellite  Television  Corporation 

Spaceflight  Tracking  and  Data  Network  (NASA) 

Satellite  Telecommunications  Experimental 

Project  (India) 

Second  TDRSS  Ground  Terminal 
Space  Test  Program  ( United  States  Air  Force) 
Shiyan  Tong \ in  Weixing  (experimental  commu¬ 
nications  satellite)  (China) 

System  of  Radio-Communication  Using  a  Satel¬ 
lite  (France) 

Tactical  Communications  Satellite  (DoD) 
Telecommunication  Satellite  Corporation  of  Ja¬ 
pan 

tunnel  diode  amplifier 

Telediffusion  de  France 

time  division  multiple  access 

Tracking  and  Data  Relax  Satellite  (System) 

(NASA)" 

( see  TTS ) 

Telesat  Mobile.  Inc.  (Canada) 

thin  route  (terminal)  (Canada) 

television  relay  using  small  terminals  (ATS  6) 

telemetry,  tracking,  and  command 

Test  and  Training  Satellite 

television 

traveling  wave  tube 

traveling  wave  tube  amplifier  (TWT  plus  power 
supply) 

UHF  follow-on 

ultrahigh  frequency  (in  science.  300-3000  MHz: 
in  satellite  communications.  235-400  MHz) 

University  of  Surrey  (England)  satellite 

Visible  Atmospheric  Sounder 

very  high  frequency  (in  science.  30-300  MHz:  in 

satellite  communications  usually  137-150  MHz) 

very  small  aperture  terminal 

World  Administrative  Radio  Conference 

wide  band 

White  Sands  Ground  Terminal  (TDRSS) 

7.2  to  8.4  GHz  tin  satellite  communications) 
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